; 4567e3ergr -~ aDcvRd2g6hgTgzZ 2 APR 2003 | MPROVEMENTS I N MARI NE ANCHORS The
present invention relates to marine anchors and particularly to diz%ﬁg
enbednent and direct enmbednent anchors and their enbednent neans 203 e
anchor for enbednment in a nooring bed s attached generally to an anchor
line for connection to an object to be restrained by nooring in a body of
wat er over the nooring bed. The anchor |ncI udes a Ioad application point 10
for the attachment of tHIPRE VEAR CHi | i ne attachnent
means (for exanple, a shackle) and a fl uke rrerrber and i ncl udes a pl ane of
symmetry containing a first direction in which the surface of the fluke
menber vi habpestnointdieidroadasgsplts cabrina goihmirs vdreh pah@calaclyoto idgagn
operatjon_has a naxi 1 projected area.and a . second for rd direction (F)
B B S ER BT P e S L AT P BC BT APr Bk gl y. |
t hese di rectl ons maxi mum and substantially m ni rrum re5| stance to novenent

of the anchor marmonngfnl%gsml occurs. -l;%?ﬁ fl uke nds to
advance i it PRENEATCROF JAG TPREIPEANT & BPPEEE 1(5I1")tt eflng"?l’“ r@s¥%t ance.
20 A dragagohednBatoradsdifiction @ dafbbjeet &6bbaes@ainda sy ieesinghave buhgr ei n

t he anchor |ine attachnent neans | ad agﬁ)l ication %fl nt is. located on the

anchor SUEBWtO‘GﬁItPFrFQO%Pg?GHta}WE‘B PhARGEs 97938 RPRUCHIOROPOINY| ng on

the sysfaes fle atNOMAAE BEULE R8Oy IR TGRS W dnichbr i1iH aR@BRICAL I Ve
engagenment therewith and then nmoves into the nmooring bed soil with a

subst ant | Hlcaps EQnpaBRle, 6f shpdds) Arkhe ffulse membespridingiedesopvilpae @ r ect i on
of mni ”Ugw?;f)éow Pl &t RIrkRe A ﬁ:@? dit BRI DG hichU Eﬂ@cﬁxrfé@g' of GAUS Akt he

anchor to a curved burial trajectory as i1t enbeds into the nooring
bed soi | . TREeb¢roFEMaime dfomhehg deall Application opripbiwhen Hhe amdhowsist fe anchor

'_ ine attagBuRMonBANS hixiint hfecsn b £A8SI0RBhd TR a8 ditd&iangEhor -

15 in which said surface has a minimum projected area. Correspondingly, in

these directions maximum and substantially minimum resistance to
movement of the anchor in a mooring bed soil occurs. The anchor fluke tends

to advance in the soil along the forward direction (F) of minimum resistance.

20 A drag embedment anchor is a marine anchor as described above wherein the
anchor line attachment means load application point is located on the anchor
such that pulling horizontally on the line with the anchor lying on the surface
of a mooring bed causes the anchor to tilt into penetrative engagement
therewith and then moves into the mooring bed soil with a substantial

25 component of displacement occurring in the forward direction of minimum
projected area of the fluke member surface. This causes the anchor to follow
a curved burial trajectory as it embeds into the mooring bed soil. The location
of the load application point thus allows the anchor line attachment means to
function as the embedment means of the anchor.
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~ 2 APR 2003 2 A direct enbedment anchor for exanple EP-A-0161 190 is a
mari ne anchor as descri bed above which has an anchor |ine attachmezgmamﬁ
| oad application point |ocated such that pulling on the attached a

i ne causes the anchor 5 to tend to noge in the direction of maxi mum
projected area of the fluke nmenber when buried in the nooring bed soil.

Thi s causes the enbedded anchor to follow a path that rises to and breaks
out t hroughlitdre emerdmentbatizurfbaeramplt EB-Ap0¢6EMPG it Aenanndanchonas and

anchor |ine attachnment neans from functioning, as the enhednent .neans of the
Anchor . eSS AT e TGRS BRe P oS SHeShRERL Al AT GpRCa AP S

conpr i sespainpustdteg soeAhfat pllNdom shaattathaivenchdroligngageswhe hrdhdr push

t he anchor deep into the nporjng bed soil ,substantial]y in th fﬁrvvard

di r ect? ontOERT nenAVEr B g‘? éiiregFIBQ %SII%W@OJF@ la.reaiS’fF_‘g‘Gh Yke hor

bef or e- nepidn@b@dwhich! bxﬁ\ﬁé&iiﬂaﬁhfeeﬁmbﬁng%@i 's6fl. t Phisespneseki 4R ¥mdeddedmr i ne

anchor, a drag enbednent anchor or a direct enbednent anchor of the type
descri bed2Refe; Hotollgrea rrHe dbatarissiotosand becakiss et Hrpuga dhe ppeoring jed

embedment saAGROanIESY ipk&%ents 2Re SORRbF RS AHRGHERbARNE ldnaddiahegRTPONENT
of displacenent to reach a desired enbednent depth bel ow the surface of a

moori ng b&gmaduneteniger et thenrebedmentamanss slithemncheom anpaltgypesisevel y
reducigg @H%%gﬁf‘e% i ﬁs%@%f&%eédx@%%@wﬁ%}? Bor! wsgﬁagmghq@? drtbé:!)
l out O n e

catastrophic tailure by breaking _ t he noorfng . Further, the
di rect enbadwenes andolrweredai eresage ovite 25 ppsisbdthaencher dseplintb hea | ong

fol | oner . j i £ 1 1 en
decki ng of tariree B 867 shfsbeliy BIRIGENRRG et rLF Hihirh B PRI R

i nvent i onarercoiudhe fluteemenihes. miti gati ng t hese di sadvantages. The present
invention broadly provides anchoring apparatus 30 conprising a marine
anchor that follows a burial trajectory when dragged by an anchor line via
an anthor Eacherafhoadefeatmem@orsedawilk hetwan afterdnbedelzdd to respectigelg & APR 2003
initial buried position _belqw eabed surface .and enbednent neans f.or

ot abi | shPHHETAPE (0 i PR BERR Enshr 7S cBRf SEBRAMERY FERSEdiect o
t he presetiie typeeddscaibed hem@nbaeranchor as herei nbefore descri bed and in
operational configuration for operation below the surface of a nooring bed
is a drag anchor characterised in that a straight line containing the |oad
appl i cat i Thepoianthardhahe diadvaniagesf thleedfdgudidbedment anchor requires a

20 sometimes unacceptable horizontal component of displacement to reach a
desired embedment depth below the surface of a mooring bed and the direct
embedment anchor suffers from a progressively reducing embedment depth
when overloaded which ultimately results in catastrophic failure by breaking
out of the mooring bed. Further, the direct embedment anchor requires to be

25 pushed into the seabed by a long follower that is prone to being damaged and

is difficult to handle when decking on an anchor-handling vessel.

The objectives of the present invention include inter alia mitigating these
disadvantages. The present invention broadly provides anchoring apparatus
30 comprising a marine anchor that follows a burial trajectory when dragged by
an anchor line via an anchor line attachment means after being embedded to

an



menber surface viewable fromthe | oad application point forns a forward 10
opening angle ((3) with the forward direction (F) in the range 68 to 85 for
operation in soft cohesive soil and in the range 50 to 65for opewnguhp
non- cohesi ve soil whereby a pulling force applied to the anchor by the
anchor line at the anchor line attachnment means | oad application point when
the anchor fluke centroid is buried at |least twce the square root of said
15 maxi numigied|moted rosgiorhdlelow tehsealat isngfabe dargli rehaesslmoents seankefoanchor
to tend t i e soi.l, of : ring bed with a substantial conponent
of displ a%csa{rf%zﬁhllr{r:g {1 elnzgé:lo%]%?%gﬁﬁgggdi rection. Preferably said

subst anti al conponent of displacenent in said second forward 20 direction

exceeds 3 er..cent of .the actual. di splacenent. Further preferably said
subot ant | ACCESHBEene Brelar b, i BrRET enidh breRiRy ShRP Ao
exceeds Shepdanbefont delsciibed agidual ogespionae menfiguZiion &freopdrhiion abelowent r oi d
angl e does, not x%;a??d 80 f.or OBerati on in.so cohesi ve.saoil and doges not

f )
exceed 60 OIS PoROBHRR HeAdS FediaReA i cheragiersed iP thatf §FaEnchor

is furt heﬂi;l@habﬁféﬁﬂifdgseﬂe gaaa rwppla:amibanp?ﬁftt hﬁgomaal ctAtrohte o]EN&i’G:Gﬂﬁr)]lfkefl ’
symmetry of the anchor and confaining a forward extremty of 30 the uke
menber anéin‘?ﬁgeli &&ﬁpaasp‘fl?‘efalflﬁ omoht 1935t application. pojnt, fgrega Trward-

forwar d- openi ng angl e (a)...wth_the forward djtrection (F jch j ot | ess
han 88 ¢ opeptk ARFsret Hhedihe st Ehion AR e et Rale 65 BR
operation in non-cohesive soil. 5 Preferably said,point, angle is not |ess

t han 100 foperasfrer ap it Fohesdra seibpas) e theirpngh $0 stnbp fosseperptien 9o f or
operation in nagn-cohesjve soil. Preferably the drag anchor, according to the
first asp&oR-othashe Wt&”g‘ﬁfe%w PHI)B}& O¢F %Bﬁ’rltﬁdi Weldiepnghpdypiheanchor

pl at e- | i keinghankhéemeor nirg ditdcidnenc hgehdwi=ct appichtiof poilakakh het 0 sai d
pl ane of synmret r%#lkPr eferably said plate-1like shapnk nmenber includes an

el ongat ed 28CHPT 1 Bk sepiENe o atplsast tvage dheapgpaie FPele Ot 8ai€hment
nMeanssW tha-gmhBnftoytdh eng lowahd MbéRHinSBEY s0Ha8S calseGROAndHR 0

attachnment nmeans | oad application point ger m tting deeper burial of the
anchor by tfeR&§imevait the £ail #f thamenting bedath g tal curpPeRge &ff sai d

fluke ser i, 8Smen DR dddbRd 3RNRE diteiofit t achment neans | oad application
point permtting easy rearwards recovery of the anchor in a direction

substantially opposite to said 20 forward direction.
Preferably said substantial component of displacement in said second forward

20 direction exceeds 35 per cent of the actual displacement.

Further preferably said substantial component of displacement in said second

forward direction exceeds 50 per cent of the actual displacement.

25  Preferably said centroid angle does not exceed 80° for operation in soft

. . (o} . . .
cohesive soil and does not exceed 60" for operation of non-cohesive soil.

Preferably said drag anchor is further characterised in that a plane orthogonal
to the plane of symmetry of the anchor and containing a forward extremity of

30 the fluke member and the loan application point forms a



Preferably a slide stop neans is provided just aft of the forward end of
said slot to restrain said attachnent neans at said | oad application point.
25 Preferably said slide stop nmeans includes rel ease means whi ch 2dobpenat e
wi th said anchor |ine attachnent neansgwhereby rotational displacenent of
sai d 5 2 2 APB z~d3 attachnent neans rel eases said slide stop neans to
permt said attachnment neans to slide in said slot towards the rear of said
fluke. 5 Rirsfeedaipepingpdelarichwithl thedoawardcdinentionn@amdiichhapnptess dhael ongat e
shackl e. Further preferably said anchor line attachnent means conprises an
el ongat e ®Bnifer opetdtieamimsofacohesive soil rndanobless ehdn R vfmgoﬁematmzmmnectl on
to an anchor line and with a clevis at another end carrying a pin nenber
serving t@omecoéwga@esosll idably and rotatably in said slot in said shank
menber, Preferably said shank nmenber includes an arcuate surface centred on
said | oad application point and said el ongate nenber includes a stop

slidably engeaaablsgiPPoinkendlcdaiR 1844 ﬁ?a‘iqelm%f&bébééhgn%@om%lvks hel d
at the 15 Ioad appllcatlon poi nt |n said slot unti’l rotation of the

elongaterre tion 0|nt br.i ngs..t he direction of
nmovement SPU lét“o°§H%%rt§ﬂ%“?ft?°9 ergt FBt SR SOBSHYY %%lpl n menber is free

to slide in the slot. Preferably sai d anchor i ncl udes rel easabl e rotation
stop neans which stops 20 rotation of said elongate nenber at a
pr edet er mbnefdraugi theonireg| andhos tagcoséirrx shatile Mesterspatteof sthied ppéesentrenber

|s at,gaig] ‘%ﬁ%{ﬁE’@nb \Aﬁéé 9 1B?é W 5 "RLELr ?Pe' ¥h%&l§ nlxeﬁﬁgérhn dr%%bg‘:%gngat €

menber i s sSuc R oppe romrota

r el easabl ehcmt@andrlymgq:garaﬂdrts,saai plaaeef|symmget?h ort honogal to said pl ane
of symmetry and containing a forward extremty of said fluke nenmber and
said attachnent point on the elongate nenber forns a forward-opening angle
W t h sai d Prefeodatily dsaielc tplain-lidel shadkementiere iodeded arandofigatetiesloprfeter abl y

does not %ﬁﬁg&% Zn5ovement therein of an anchor line attachment means, with a
15 forward end of said slot serving as an anchor line attachment means load
application point permitting deeper burial of the anchor by dragging and with

a rear end located towards a rear edge of said fluke serving as a substitute

anchor line attachment means load application point permitting easy

rearwards recovery of the anchor in a direction substantially opposite to said

20 forward direction.

Preferably a slide stop means is provided just aft of the forward end of said

slot to restrain said attachment means at said load application point.

25  Preferably said slide stop means includes release means which cooperate with

said anchor line attachment means whereby rotational displacement of said



2 2 A~~ Uu~ 6 According to a second aspect of the present invention, a
mari ne anchor and enbednent neans conpri ses one of a drag enbednent anchor
as herei nbefore described and said drag anchor, and an eIongate %qwgn 5
nmenber detachably attached thereto andsadapted for pushing said anc
substantially in said second forward direction of m nimum projected area of
the surface of said fluke nember viewable fromsaid anchor |ine attachment
nmeans | oadttapipinenateamspuileases atd Islidestenotwensf foukengée sard attackmant | east
tw ce the sguar f i a below the surface of a
10 nDorlngf% §t§ﬁ%g§bn% J§§8g35ﬁ§d§3HF &%ﬁﬁﬁgﬁgﬁchor line after

det achnent of t he follomer nenber fronlthe enbedded anchor causes the
anchor_to t he s of .the nmooring bed with substanti a
conporfent PHICARD AR R e A R T CURPRACS 18 SRUBTPHEAD. & ¢ hi rd
aspect of the pr esent |nvent|on a marine anchor and enbednent neans

conpri ses of a_dr nt .anchor and a direct enbednent anchor and
a drag anEHBMeE Praee @ﬁ@@ﬁr&& 85 BRF BEERME A e b g BT A G ROV BHTD 1

det achabl yhephbachath bhedtedchmast peaptadoddenfUsdiving Hai dnAReNOH to an
substantlallé in sald second directigon into a nooring bed 20 characterised

in that afPfrAskngaBdayith g devn@hGRothid &%l CRrEYIBRFaPR MEMBSRSEYIRE &Qapt ed
to prayi d@n@ageeﬁf&dt@ﬁaﬁalrefétab§h9tammo@!iln%Qﬁ SO pi Vot . Preferably
said marine anchor i's adapted for pivoting about said ful crum when a
pulling force is applied to the anchor by an attached anchor I|ine.
ref er abl preielbiP WARARRBhL Tdfibel thcillibe Gl Mims%rfaqeacegﬂédnﬁn aﬁrmor
conpri ses an el ongate foll ower nber adapted to provide t achab
at t achnmentoado appheatiore mﬂq@ndaﬁ@ldaelpéa@tteu mmhﬁrcmm%oat stahi 8lidathe anchor
may pivot BACkenhQ, A LRALH:B0 e g A 72
2 APR 2005%%%%6 ng tg a fourth gSpec e?y %ﬁi ng%%twﬁasgﬁgpgéttggnarlne
anchot5 anthbashierlieationpeint i sadr sleleuntil ratatiore ohtled elongstehmeniheafoons
descri bed, ngabe teldiowah ferRkel Y o and
adapt ed fJ?Q§ pusﬁ#ﬁg saﬁdganéhor gubstan?????gnﬁg ég?gﬁgeconEA@S#e tion
and furt hparabEpe tde slot vdredevnpootles pivl membehouires té Skdé nytlkaslae when
subj ected to transverse forces, for exanple, due to traversing a curved
surface such as a stern roller of an anchor handling vessel. 10 According
to a fiftRrefepedy said talmehpr e'aselntlesi; mvleamdhiﬂ rowticanbegpmerbnreanshf stopsdi rect | y
enbeddi ng nar i a an eI ate f nber adapt ed for
det ac%%bl égtﬁt PR ntesal? e? ngo‘{’l Al i neera%c 8&% dﬁ%(maan rF 24VF (}Obseaﬁ(trlj)
recoverabbyamkth@nbeswhkammn@pdan&gﬂxmheatsmhﬂeade@pHOammapemnrse forces,
for exanple, due to traversing a curved surface such as a stern roller 15
of an anchor handling vessel. Preferably said follower nenber includes a
| ower ter @kefafatﬂyzgheit&n@htoﬁcshﬂﬁelbngatelmmlbieﬂgs sunch tleato wérennifpel namband
!sglg(r:rggte s 4 Q{ou rp%lilfra/m rota 1n by glrgsrélgassagﬁp 190rt:[51te19n b’s¥opS ?rllecziaﬂsogeprla}lg Iiyrpng al

25 orthonogal to said plane of symmetry and containing a forward extremity of

said fluke member and said attachment point on the elongate member forms

a forward-opening angle with said second direction which does not exceed 95°

and further preferably does not exceed 75°.



Preferably said body segnents substantially encircle said | owering and
recovering line. Preferably said segnents fit together by neans of a convex
prot uberance on a 25 segnent registering with a correspondi ng corfchiiR v
recess on an adjacent segnent. Preferaply said |owering and recovering |ine
forms an axi s passing through said body segnents. 30 ~1r'n EHEI A 8
Preferably at least a portion of said line within said body segnents

conpr i sesAatordaag tto enecavhdaaspspt ofitle preseat nnvehitimefeensdyine anch@asnd a

porti on o $alyth NSy MAN! o3P OR, SEPMENLSaL S LA ALefll | got!y

ext ensi bl 5 materi al ‘such as, for exanpl e, polyéesteéer rope. Prererabl'y when
sai d | i nehetdihberosai desbrntlyd segdresdid dsagexdreohdbed amiden tedtisgana fdilewesai d

foll ower is ngi,n erticall aid line i revented, from .10 rel axi ng by

L1 et o iphadCeh Rl flpi HiCinp8r P eRenin S ah et

mer ﬁby sg@;gsﬂamﬁa_ngeiglnﬁnﬂs@;eab?d lrm\mi' rdi dieettion af atiAiraunf pﬂ)jéc&]lced CEBRIESSI on
ich provides said el opngate follower r wwth a degree of transverse

St T1nose i SRS O aCk TG THEROL TP Fob Pl ant sty Sarhmpnt

suppor t ed phdangaBhaEpplichfioR paaa, Redil $HE baeBor AGkEIcehabADIyatSRESE ttige St op

means on sai d upper body segnent .is rel easabl e whereby, when said follower

i s pul | edtip SHHETH ROt Rfepaiafmpxigiie Prelfetedc area edewithe parfres isad
Wi t hi fig t henhdRid OVE wirRrddy %s{eﬁh@ﬁ{ ¥elRE G HONROESH LihehiteedethRRrdelhie and

t he upper body segment to avoi d excessive stretching of 20 the line due to

bendi ng oPf the fallsesiaembey fogy dhe gmbsided ppeher episrsdhs anshoeltedsedbl e by
means of RHUGEROLLOfARACUMO MBI HeGORIACH Yhibdlaiahd coHpHRENSE Wi ace.

25 Preferably said Iine stop neans includes a tooth nmenber |ocated on one
of displacement in said second direction.

15 According to a third aspect of the present invention, a marine anchor and
embedment means comprises one of a drag embedment anchor and a direct
embedment anchor and a drag anchor as hereinbefore described and an
elongate follower member detachably attached thereto and adapted for
pushing said anchor substantially in said second direction into a mooring bed

20 characterised in that at least one of said anchor and said elongate follower is

adapted to provide a reaction fulcrum about which the anchor may pivot.

Preferably said marine anchor is adapted for pivoting about said fulcrum
when a pulling force is applied to the anchor by an attached anchor line.

25
Preferably said embedment means for directly embedding a marine anchor
comprises an elongate follower member adapted to provide detachable
attachment to a marine anchor and a reaction fulcrum about which the
anchor may pivot when pushed into a mooring bed by said follower member.

30



said line and said upper body segment which engages in a recess in a recess
nmenber | ocated on the other one of the |ine and the upper body segnent.
According to a sixth aspect of the present invention, an enbednent neans
for 30 embeddi ng said drag anchor conprises an anchor |ine attachpdpp iggseto
via an 9 2 2 APR 2D03 el ongate rigid nenber anchor |ine attachnment neans,
sai d el ongate nenber having a first attachnent point at one end serving for
at t achmenActarditie tanc farrth iaspeandf the peasedt ateationent npeind aath@nahler end
for attachnent. to 5 said anchor Iine.attacgnent neang %Pa qﬁﬁ%%fat&on
poi nt on ERECHMANSMCaRY CPEPHIEHAITBATBE 41 CORT &8 SSTHERAOTS gFs 3% he
el ongat e gRMEGhgaR! ddliowert MehliRr adhehalsiyicittadiad eharbananar adgseaajort o sai d
pl ane of symmetry containi ng forward extremty of said fluke pnenber and
sai d f?rsPué?FﬁhﬁﬁﬁﬁtaﬁﬁhQﬁtSP FiAE . O?MéﬁﬁfdﬁﬁﬁP gdupefien it Wathersecond
directi onguhbtll d9esenOre@VeRBly ARitdéui QuEERAR! ParRgRe iRl QUbRictét ABOri ng
bed surface when the anchor is dragged thereover but which rel eases due to
soi | | oadttingsyerssfoaces) fRecamBls GUE| toKiEayaeheed dayskgurface sEchod fing bed
soi | . Prefgiablnesat gh aheRgahendlig dedieber has a clevis at said second
attachnment 15 point which carries a pin nenber serving to engage slidably
and rotatably in said slot in said shank nenber of said drag anchor.
Enmbodj sren - r LV, [ i+l : [
oxanpl 5w PO E o R Akph Gk et in0EMCHE SESEHIBEa B 5 | hous
a side el éirat:ﬂ}awnmbethlikgmadh@gamMmmmrimmre?@ig}xe Selloover mefhent
el evation e, i - Fi i hor of
Fio 1t A aegleptiol ¥einaie Hellcnrheh f o AME AR ML GHEL bR o5
Fi g. 5shoWsnd sicdeeribdy avitlooutosufieking whardage orhentsudpened aonchansFerge 6shows
a front elevation of the cho f . Flg._ 5 Fig. 7sh | an.vi ew.of the
anchor of (e 8P eRamiell BRERP hrlirinda it sp R ik £ ARG BRY |
noor i b beflakiagnchds hanslliagsiedselel evati on vi ew of the drag enmbednent anchor
of Fig. 30 1 and a foll ower nenber according to the present invention
installed in a nooring bed,

Preferably said follower member includes a lower terminal segment attached

to a lowering and recovering line and inlcudes a plurality of body segments
supported by said lower terminal segment.

20
Preferably said body segments substantially encircle said lowering and

recovering line.

Preferably said segments fit together by means of a convex protuberance on a
25 segment registering with a corresponding concave recess on an adjacent

segment.

Preferably said lowering and recovering line forms an axis passing through
said body segments.
30



510 15 20 25 to 2 2 ~r~ i~u3 Fig. 10 shows an enl arged detail of the
anchor and follower of Fig. 9; Fig. 11 shows a side el evation of Qg[ag
anchor according to the present invention; Fig. 12 shows a front Vaf¥on
of the anchor of Fig. 11; Fig. 13 showg a plan view of the anchor of Fig.
11; Fig. 14 shows a shackle stop detail of Fig. 11 with the shackle
stopped; Fig. 15 shows the detail of Fig. 14 wth the shackle stop

rel eased; Phéfgrably ashewss a pertitet aff $aidflinki withikbsaitHodyhsegatvmtk lcomiprises
position to, nove ga§t t he r%l ease _stop; Fig. 17 shows a section A-A through
t he shackPEIEaSHEIFE T ETgPE B "1‘:?%‘?‘1%8 shows the anchor of Fig. 11 and a
fol | ower nmenber according to the present invention traversing a stern

rol Il er_of _an anchor handling. vessel; Fig.. 19 shows sectional side

el evat? onFefleErRlE GRSt pf’%émf &l F%‘ﬂé?’nWﬁ%@T sgyd b‘?@g segnemdisgis fopmefows a
part sect pPResierdtly éﬁteﬁ@ﬂa@ﬁﬁté@l%‘i@ﬂ%é%ﬂ%ﬁp@fp(ﬁkgstelligtipe'.:' g. 21 shows a
pl an vi ew of the segnent of Fig. 18; Fig. 22 shows the anchor of Fig. 11

and a foll ower nmenber according to the present invention installed in a

moori Ng befereFlily FReANOMR GAEAkRh Yoid NGB SBOheRls T Curddadd rfRE! 1 NG
agai nst the follower nenber of Fig. 22; Fig. 24 shows anchor |ine
t ensi oni ngewsfion hehewsaicde fpllpmends hanging ventmally osaidhkng d$ [Poewented ftaamn of

the £ 571 ogererEbE AN Jofinl SR bdEch oB E Rl (et bl SR0 o
Fig. 26 shoes whesebpnsaidl bodyneegmeritsFiage a@minjaimed o chaitatd odfkiamipl
reChar! STLSpARREHy s O R OiBgher Sl el
transverse stiffness to resist buckling when said follower is at least partly
supported by contact with a sea bed surface.
15
Preferably said line stop means on said upper body segment is releasable
whereby, when said follower is pulled up and bent over said curved surface,
said line is released within the follower to allow relative axial movement

between the line and the upper body segment to avoid excessive stretching of

20 the line due to bending of the follower.

Preferably said line stop means is releaseable by means of movement of an

actuator making contact with said curved surface.

25  Preferably said line stop means includes a tooth member located on one of
said line and said upper body segment which engages in a recess in a recess

member located on the other one of the line and the upper body segment.

According to a sixth aspect of the present invention, an embedment means for

30 embedding said drag anchor comprises an anchor line attached thereto via an



Fig. 28 shows a sectional side elevation of the control segnment as shown 5
in Fig. 26; Fig. 29 shows an oblique view of an orientation |ink shown in
Fig. 18 in an orientated attitude enforced by heaving in over a stern
roller of an anchor handling vessel; Fyg. 30 shows to a | arger sz|$ 7
bottomterm nal segment of the follower 10 nenber and the anchor A &'@3
22; Fig. 31 shows a partial section B-B through a pivot connection between
t he bott oslohgata ngid mg[tmntamﬁqor Himef attthdweentnerbes, sad etlh:egaetachanbef Fig.

25; Fig 2 shows. a section CGC o ubr| n.the
e enor Jor Rty B S PR o B B e Cote Y sclBhg T80 A PRRERHE {ihe Can
passage aaﬂcmxsnharage dkedombattpelesent pomtfaaramaﬁﬂeled@@&’oxofatthblem&ham&; and

fluke of th hor,. of Fi g. i 34 shaws 't he anchor .11

o Fied PR e iR EeAA O SBE e ReP SR G heranehgr, ddnd
subsequenidiyadabld herafiBAngsp alednonRelitfig Bie EloggattlmeMbenowatide ag tiegrbednent
anchor 1 (Figs. 1, 2, 3) for drag enbednent in a nooring bed sqi| conprises

a shank 22BgoTetRey thgt ar%a%%arfth@ganflﬁoa%@m%lﬁn?@f SYERRETY RentHnEIgGde- | | ke
fluke 3 apfivatdtehereatiless §0d flukederibeh Ahdl 40 sOXitABAAen OhoiAt THarkl e 5
pivotably pinned in hole 6 in shank 2. Fluke 3 is of planar formand anchor
1 is symeteiveaid-ehaiihg anpleanieh Ghid yeosRHrdireétiSnGolichi dYeB Gidt kRceen? 5 of
hole 6 in shank 2 and a centre-line 7 of fluke 3. Centre line 7 is parallel
to a forwar granpecpematrdtiat of hukeor3ngvhed supfaichtvehel tngaBéhdr iskc&a@gaﬂvay from
t he conne tlon bet ha k 2 and fluk A stra ne in 2 2 Ask
Lt o angsPou s $iG 3kashatie o PhetaaRe e S Rake S Ao Rang

f or enpst peddrtheobutiedke tBefrmrd’fmgabéd)smhrd opening point angle a with
forward direction F. A straight line in plane of symmetry X-X contai ning
the centre of shackle 5 hole 6 and the centroid C of the upper surface of
fluke 3 fordferably chitbeldngpRNigd wembephds angeeis(ad swiid Reéaid\vattdcklineact i on F
of fluke 3.. Such dr ag- enbednent. anchar i s artlcwiqg Cl%%,d in UK
Pat entS 2, BYPLOWSIPCARIEs arhify BIEPIPSRETETR b KBERE Fhaahly apdaniatbain i ven
as 50 to $8id88oaifls8 deankimerspeof kxdldraglafchlsr. Pat ent 553, 235, Danforth

di scl oses the inportance of angles a and (3 and states that a val ues
exceeding 75 give rise to lack of dependabl e engagenent of an anchor with a

noori ng beghisadihrees adTdtid PredehtV lveBtioASwhll Hbwa S UeBBILRE WRIBY @8l Wher e
an anchor is intended only for use on soft nud bottons. These Danforth

limts shERRERIR With ref%anm@womén&ngg@@%%wm%no has been
constg@i ned by the primary requirenent to penetrate the surface of the
seabed. Drag enbednment anchor 1 is laid out on a nooring bed surface 8

(Fig. 4) i 1 shows a side elevation of a known drag embedment anchor;
Fig. 2 shows a front elevation of the anchor of Fig. 1;
Fig. 3 shows a plan view of the anchor of Fig. 1;
Fig. 4 shows installation of the anchor of Fig. 1 in a mooring bed,;
25 Fig. 5 shows a side elevation of a known direct embedment anchor;
Fig. 6 shows a front elevation of the anchor of Fig. 5;
Fig. 7 shows a plan view of the anchor of Fig. 5;
Fig. 8 shows installation of the anchor of Fig. 5 in a mooring bed,;
Fig. 9 shows a side elevation view of the drag embedment anchor of Fig.
30 1 and a follower member according to the present invention

installed in a mooring bed;



pul I ed horizontally by anchor line 4. For a point angle a | ess than 75 ,
fluke 20 3 first penetrates the surface 8 and subsequently anchor fl uke
centroid C follows a curved trajectory 9 in the nooring bed soil lg whi CJB’
eventual | y becones horizontal at a lim@ing depth d bel ow surface 1 Aip, 00
consi derabl e horizontal displacenent dd (drag distance) involved in
achieving the desired penetration depth is often unacceptabl e when space
avai | abl e Fim tthe nehowrRgn2énlbestdi detaid of thecamezhor Ankinfolloweds oEEfg. 8nbednent

anchor 11 (Figs. 5,.6. 7) for .direct enbednent.in a orin ed conmprises a
triangul a %Igjtse sﬁgﬂWS£ éléir%neéﬁ‘faé[}?na?fe%rld%a%r?ﬁmp8r gcgﬁﬁ%ﬁ?it F Ryese
rectangul ar pl ate fihwkeiod;and at the other end to an anchor line 30 4 by
neans of a.shackl e i vot abl inned.in a hole.f in.shank 2. Fluke 3 is of
13 2 2° jﬁg'c ' 3 ﬁgﬁﬁﬁr"“ 8??7%&8{31?}1%‘&%%? ai‘fﬁ%oég}%@ééi cal about a plane of
symetry XigZ dnt ashbwg =Splaakliey botiee SnéHordfdig shank 2 and a centre line 7
of fluke 3. A forward directi?n F i p_?rialjel to centre-line 7 of fluke 3.
SioRetatgil i

A strai ght'i&i{e i nsBopFanhaskls Rige dAvath the shackle sppedaf  shackl e

hol e 6 angrighes cenkheivd tie AbtdinGr BPE4 vitH fiRCEh Lk stokeeRabod;ms an angl e of
90 with centre line 7. Direct_enbednent anchor 11 is driven vertically

(Fig. 8) iMZol% noskPWg thedietd! eHFg, Lvewis tbe dhackly i aInesiiaretd glavewer
menbery 13 det achablysaidachedetdss et 0. Fol l ower nmenber 13 conprises a pile
14 driven by a pile-driving hammer 15 attached thereto and suspended from a
line 16. Bigvifhg i shewrpl sactignuhdrtheengh thoshagkdesopoh Figuk® 3 is at a
desired dept gl belgutneeDRHPDLIEE. SHHERCE Biowdiertbdifr YhchiaihBS
di sengage?%rom angﬁor 1leby ‘plfl)F| | nggup on 15 |%e 1%1 an ranclblflt%:lf’l ngd

pul l'ing force appl thd micgerhdhwentigmdrayvegsinges atechoroller pH amtatahaand

si mul t aneousl y di spl s through distance k until the line of action
of force in anchor%lal?lﬁgng%ggéeg’es through centroid C of fluke 3. The direct
enbedient Fagclibr 1shpwsnawsestionat sidal edayationsoff @ pegruentie offethieninilomesi st ance
to novenent induce L.on. 4N anchor line 4 at the 20 d m nus k buri al
depth actually ach?%é\%aéreﬂ?v\lg'véé’, if the anchor line 4 is | oaded higher

t han t hi s Rimx20rum shews taaprare settien df a éic hetwmdeadadiaterdrselorents bf FigailB;

cat ast ropl%i.c iy b)é n&\éian i n.l h%f iersecti on o?fF't .anchor line 4 until it
rises up t65ahd br 8aRY S 20f THE §&as SUrfaee 8. For this reason, an
Fig. 22 shows the anchor of Fig. 11 and a follower member according to
20 the present invention installed in a mooring bed;

Fig. 23 shows rotation of the anchor of Fig. 11 by reacting against the
follower member of Fig. 22;

Fig. 24 shows anchor line tensioning of the rotated anchor and recovery of
the follower member of Fig. 23;

25 Fig. 25 shows a plan view of the top terminal (control) segment of the
follower member of Fig. 23 with a disengaged chain locking
mechanism;

Fig. 26 shows the control segment of Fig. 25 with the chain locking

mechanism engaged;



installation factor of safety of 2 is generally required for such anchors.
25 In a first enbodi nent of the present invention, a drag enbednent anchor
1 as hereinbefore described, with angle (3 (Fig. 1) at a preferred ﬁ]ltﬁg

val ue, is detachably and pivotably attjgched at pivot 17 (Fig. 9326?1 ddnk 2
to a cooperating clevis 18 in a lower extremty 19 of a heavy el ongate

foll ower 13 30 suspended by a lowering and retrieving line 16. Centre |line
7 of fl ukRig32i7s arsteovged sectibhal bigepdevalioal oft theacdrirgi degdienalasashiavi20 of
foll ower 13 such that. fbg_ke 14 2 2 APR 2003 3 presents m ni num projected
area in the directfon®f axis 20 and the centre of area C1 (Fig. 2) of the
sum of t heig28i MUKW acdeRdoankaisle Mlevamiohosf theadithtsdlakihen® dsi @sovind | i ne
with axis 20. Pulling on anchor line 4 parallel to axis 20 5 rotates anchor
1 abowt pivot 17 ufti® aPrested by shank 2 contacting a stop 21 in clevis
18 wher eur»%n 28 desii®ps ahi Shliqld ABwodf ADeRehtalidrS lifk! M hethig Al Sh@l |

shear pin 22 (Fig. 10). passing through clevis 18 and shank 2 serves to hold
anchor 1 in clevi saqgrwrlﬁtfeéea%’euﬂédq eerceddty heaiiee an oXenR|sérn kollexiof 20

prior to said rotagih@nchdPLENBBAE®Esepf anchor 1 (Fig. 9) is achieved
simply by | owering anchor 1 attached to follower 13 onto the surface 8 of

moor i ng bEB® B andskewws tma@i laggarsopleya dettom fermigalsegmentcplbothe foewsr kept

sl ackyg Anchor 1 i s fo58dd AN RYFREH,10 by the wei ght of heavy
follo%/\(/)er 13 until rtnﬁe centrd(;?% C of f?uEgg 15 3 is at a desired depth d

bel ow nooFiga@lbed shewwacepdrtidlaectisn dddsthmvgh a vaoermnectiontbeiveeme
maxi mum pr oj ect ed e I . LS. .S i ggp ri at
selecting the nassﬁ{% %f)gﬁfo OV%?I%T%I {"{gﬁrgedfGOfgﬁ% ﬁféﬁgwgﬁ‘/t S ggﬁ a&?d%ié%chor

line 4 is heaved uanchartdf Figl 2ower 13 still in place to provide a reaction
el ement, eavi S| | j - - L0 Fi 0) to 20
part and g%ﬁ%r 1 F%O‘%ggé{agﬂlaln&f tfé)ﬂﬁcogjr ?ﬁ% erclf’sagjgiaq'as%)é]ea%gt&(e épr%\%)% 0}7 unti |

shanki® is arresteBigo@5stop 21 in clevis 18. The centroid C of fluke 3 thus
101 2 L8, SRl MEBBR R REL Y R A Bl AR 20
t hen orifices present on forward edges of the shank and fluke of the
anchor of Fig. 25;
Fig. 34 shows the anchor of Fig. 11 modified to act initially in the manner
20 of the anchor of Fig. 1 and subsequently in the manner of the

anchor of Fig. 11.

A known drag embedment anchor 1 (Figs. 1, 2, 3) for drag embedment in a
mooring bed soil comprises a shank 2 connected at one end to a triangular
25 plate-like or blade-like fluke 3 and at the other end to an anchor line 4 by
means of a shackle 5 pivotably pinned in hole 6 in shank 2. Fluke 3 is of
planar form and anchor 1 is symmetrical about a plane of symmetry X-X
containing the centre of hole 6 in shank 2 and a centre-line 7 of fluke 3.
Centre line 7 is parallel to a forward direction F of fluke 3 which points along
30 fluke 3 away from the connection between shank 2 and fluke 3. A straight

line in



di sengaged from anchor 1 by heaving up on line 16 and an inclined force is
25 applied to anchor line 4 causing it to cut into soil to nove anchor 1
substantially in forward direction F along a downwards inclined Eéfhﬁggﬁiy
9 wherein further enbednment of anchor {yallows progressively hig

in anchor line 4 to be sustained. Al though directly enbedded w t hout
undesirabl e horizontal novenent, anchor 1 does not fail catastrophically,
30 when oy eaitistnmeyrydH ngntiamingehdiceratiofshatklarnmhob dridhe férenospul | out

at surface 8.b NS d nmoves hori zont al | t _canst ant 15.2.2 APR ~pp3
Toad or aPORY ELHRE SAPURC Ahr RS f5or e TRE o gL VAl frerardiiectian

i nstal | at ifponasaf gkt finetiarpishe bf Byinhadtry X-Rceepiifthd e 8rde sMBRdAERL
anchors can_be adopted instead of a safety factor of 2 that is usually

mandat dr y Pels 65and tBetceafed fedf thadirnes iEGs eloflaks B foamsse deprardal 1y .

This al |l owpesiml ¢ @iir 0GRS bRPRriWhtd HABEidN FRfGhkRrs, MDor i ng syst em at
| ower cost. However, the drag enbednent anchor 1 (Fig. 9) has val ues of

angles a and (3 (Fig. 1 ) which are within the Danforth limts

bef or e- megt gned Vﬁgg-egl?oerd%%{%”%n%ﬁo} g pW151%yd%Elﬁg@eH Ak "B

sea- bed surtace agge orizontal ereover. In consequence, the

shank i s b%‘ﬂ@,gg%%rkﬁs? TEAERBA et tRE RELRSSH ¥ Srlduf %&@gwegce?s 5ge (gnchor

is below the s ed surface. This excess |ength produces-undesirably high

penetrati gnoresi nce en it is enpe vertd int he. seabed and
t hus 5 qu%pesa%‘#w%gd'iﬂ y héﬁ?&ecflgglp’oug’r %Bﬂfﬁ'ﬁg%ﬁg b%“ﬁ’?éb%éﬁ?i?ﬁﬁs
according to the present invention, in contrast, has values of_ agnhgles a and
(3 whi ch ékedsgoriracphragias ¢ phftisand ftaiss dbeka eluessrecefingcapabivei ty of
penetrating the sea-hed surface when dragged horizontally 20 thereover

B hough Fiber B dfsle o HeREBHADIG FRABIOog B0 ROERSF BAi, PG ameie SPdgged
hori zontal | y.from.a.posjition alread éow the sea-bed surface. .The
presently SH%%‘E? i‘f“t?éigd"(?(r8 gvaglﬁec%%? {'lfg?fe%seggr & arye%%fa?q@zoyg Ivg}l%{esaﬁb??c%oorr’?ﬁact
shank ne j N ey I st t 1.Ag; Y ically
into thengggggggﬁéﬂ%m?gg%%ﬁgr. ?%ﬁ?%%éﬁa?ﬁeqﬁﬁﬁﬁ va dggqgﬁugggﬁg%ﬂ%hand (3
al | owl5 drag embedment anchor geometry hitherto has been constrained by the

primary requirement to penetrate the surface of the seabed.

Drag embedment anchor 1 is laid out on a mooring bed surface 8 (Fig. 4) and
pulled horizontally by anchor line 4. For a point angle o less than 75° , fluke

20 3 first penetrates the surface 8 and subsequently anchor fluke centroid C
follows a curved trajectory 9 in the mooring bed soil 10 which eventually
becomes horizontal at a limiting depth d below surface 8. The considerable
horizontal displacement dd (drag distance) involved in achieving the desired
penetration depth is often unacceptable when space available on the mooring

25 bed is restricted.

A known direct embedment anchor 11 (Figs. 5, 6, 7) for direct embedment in a
mooring bed comprises a triangular plate shank 2 connected at one end to a
substantially rectangular plate fluke 3 and at the other end to an anchor line

30 4 by means of a shackle 5 pivotably pinned in a hole 6 in shank 2. Fluke 3 is
of



25 the drag anchor advantageously to follow a trajectory 9 which is much
steeper than is possible for the drag enbednent anchor constrained by the
Danforth limts. Thus, both a drag enbednent anchor and a drag azl(Z‘PM)R 'IW’J”
bury when 30 dragged in a nooring bed fgoma starting position at “sone
depth bel ow the surface of the nooring bed. The drag enbednent anchor is
constrai ned by 16 2 2 APR 2003 the inclusion of structural adaptation to
enabl e selplarnpenfstrraeindnanthaugh is ynzuefransd aboud ayplariengf bpaimeérhe XdXag
anchor is ngf_.subj ch . S i - lhdee I nghor may
be i ncapaﬁpg{%ﬁmégﬁécpgel%&%reag ilgrﬁl ? ﬂer %}E%HPE %%rjrgoéﬁngge ﬁfé%l%gﬁfr ﬁ%@ngﬁ mari ne
anchor coffgnweridndirecttbra@ @npinallel te eentfredmied7 adrfbtkeaBnt Aissralpscliasdad i n t he

[ ti t hat |, t i thert hi b Pljpti b
Feal | S8, PRERDIT MRESTR SEtoRI BB MEnEoar et HopRRRBrEO b oftd e o dr ag

anen | net ST LS o abfer kel fofpSRE o AR 0B BETAT J0° BRLPRERR 13

(Fig. 22) ;genprises a quadrilateral steel plate shank 2 lying in a plane of
symmetry X-X of anchor 23 and wel ded at right angels to an upper planar
surface 24 of a square steel plate fluke 3 of length L. The average

t hi ckness I : : 4 11 nd
pr ef er abl >]/:9 ](;jeo‘:gts23 %ﬁ%ﬂﬁ%&o@kﬁ drorflla\é51 %ﬁgég}ﬁéﬁlgx@ggﬁo %THQ ?%téﬁ%g%l (lrrgm
pr oj e¢0ed barmaan$ of hukgidZlomgste f@dldwarengmbkr d3rdedachdbly latieshed thémbe of

symmetry X t Il I n of fluke.3 whi. i har,pened by
bevel |'i ngﬁog)iogzeehlﬁ%‘ggégfﬁgpcgozneér?%et%i %g’ﬂrgglsfgflg%%gy %%ﬂg %Vé@é‘ glpp r?lggtllgon and
at t achnentatfaehetl tBérdtorarad shapdidedSfroonadotd h§. abriamghisr cdmpletetl twheshank 2

is located at an.extrem 7 of. shank, 2. r te f fluke 3. The.di.rection
{rom the CERPPOTHICDE BhPRECS i S Hetubl et 4 B8P SRE ol #llige 23
defi nes astofavar&l dihreepile dA is. thenpdiaaegapedt faomi sagelsiralck be @mtltiaghneeh poi nt
26 anﬁ shar peped de.%é.f r a line intercept with.plane 25 of mret ry
%X tha doFi Neens P et R aHR g ORGP Vi it 1% e RS seepalt o
forward diirieed irothté.ardl siniait@idouslneispdateaupivagds fercaght dstdhde Rnghtshackl e
attachnent int 26 for a forward-opening angl %fw’thr.set 0
f or war d diﬂr"gg_ N ‘?—‘?tmﬁngf@rﬁe i1 apghoy ﬁgg 4tﬁ%‘°f‘?eg§ﬁf ghoﬁeé}tﬁ?’soﬁ ngﬂ_“;ﬁ‘fchor 23
in soft cahesineedsett efedierdnghdhl 1 B$S rR@Bri8htatt@rsuepesaltb Osrokide
non- cohesi ve 30 soil sandz with preference for a being not |ess than 100
and 90 f dRaEgYmJIesiptanes to movement mduced by tension in anchor line 4 at the
20 d minus k burial depth actually achieved. However, if the anchor line 4 is
loaded higher than this maximum resistance, the direct embedment anchor
will fail catastrophically by moving in the direction of the anchor line 4 until it
rises up to and breaks out of the sea-bed surface 8. For this reason, an
| installation factor of safety of 2 is generally required for such anchors.
25
In a first embodiment of the present invention, a drag embedment anchor 1 as
hereinbefore described, with angle B (Fig. 1) at a preferred high value, is
detachably and pivotably attached at pivot 17 (Fig. 9) on shank 2 to a
cooperating clevis 18 in a lower extremity 19 of a heavy elongate follower 13
30 suspended by a lowering and retrieving line 16. Centre line 7 of fluke 3 is
arranged initially parallel to a longitudinal axis 20 of follower 13 such that
fluke



17 2 2 APR 2003 sand respectively. Angle (3 may be as close to 90 as

possi bl e wi thout preventing anchor 23 fromnoving in the soil of nooring
bed 10 with a substantial conmponent 9B (Fig. 24) of displacenent of
centroid C occurring in 5 direction F.jpPreferably, said substarft? APR 2003
conponent may be regarded as being not |less than 35 per cent of the

di spl acenent 9A in the actual direction of novenent with 50 per cent
further pBeprsesth ml‘rimivmwmrpmijewtcpﬂ acda imetheadﬁgecetiO(rBoi( &g 201&1)d dbesentre exceed

85 for operatio . a in t ca and .does not ex r
oer at i ondr AreRi TFiEhaf AR St B i lnf PRoiPOER Els S1ESE P apf
oper at i onshacklef3 lied &yhﬁadvﬁﬁam BhH Pallingp@t ahtlosr lime szmdallélttomsﬂ@rzef erred

t hat angle (3 does. no xceed 80, _for . oper n i t cIa and does not
xceed G0 PACOFBRADT TR aaHeL LGt et TIo G S SRR AGHOBT | i s

formed byo2a o&weeisd Sxhesstigon Q&e@lfredLanaﬂtaeidhn@faéxﬁ:hﬁrr1aisgéf§ta1§1IsHed29Al n
shank 2. Arearward extremt of sl ot 29 is | ocated adjacent to a rear

cdge 31 oFTTALRECE BAPS e 361 ParHES STesiararlaviopdn PR SRAGRS FBISUB {0 30

Wi th cent 1@id kRehds 1% Idevid18hatieEéRde life FOsMVRIIE 8ARAIRT tOTaxiNBO oridri S
shar pened by bevelling to reduce soil penetration resistance as for edge 25

of fluke 30 S%r%tébalﬁatl on of shackle attachnent 20 point 26 fromcentroid
Cis pgeferred to be in the range 0.15L to 0.6L. A cylindrical steel pin 17
(Figs. 11- 13% is mounted transversely through shank plate 2 to act as a

\2

pi vot and Bseaedmgnpioh anohorat (kg iltis aehirvedt simaby by lpvylerlageanqlmr( Ei gs.
22, 23, 2 th
4htachibS P?@uﬁmpu@%réz the sﬁﬁiﬁ%ﬁ% bf ﬁmoﬁlgl@ @eﬁibl 2 Yo Jhﬁﬂﬁhg Ofe

Ilne of axis 20 o ower 13 passes throug centr

area 34 (Fpgpayleyt dineahe hwith 2@1@@@ 1m&kk@t581é01henma¢fm1rol lblfneced irgopul | ed
back to |i I r irection F
Crr g 011 TBMELREGHR, fld GELhOB; RaATRHOBUESs WA PRROSCAG AR ¢ B e

r esi sﬂanc@ fsoatce desiréd glep2P ) glownobonng Bed ssurfacki gt emct:d!ds‘ tiicevibe axi s

20 during ni dr 4 ec?%% : r 3. I I hackl e
stop 35 (I§| gé}é ?li?t éfoﬁ%'zm , g%%&(ﬁ%telﬂn%%ﬁan tkl‘gIEehér dgﬁ\iﬁi% %%%‘? dab ckI e 5
in extr emappr@lsriaﬁebsmiectﬁ% tHst mps 8 5f failohwed 8. Lﬁﬁ 5 & thileR 12ﬁ05’£a¢k/vand

rect angul ar . Ioatﬁes Slhled\?‘é)ci Io tt%dfolll’(]) lérrld @rec sse 38 ong at each
side of sHANK 2 aft Fem Or 1IoBET R BPVE%F 29
remote fr @amcftimkele&enﬂ faiedsea%ﬁag rmtsmal inylirocé utpytses meartpm rQQp(eEig I I)O)Itﬁ
recesses 38

prevefit ed plafgﬁflg q.‘r? %\Rél&ofalrtgﬁ?e \;%ﬁﬁr)%é | 2?016I1§tab?§1%(:klc§r f? Blhol e 39
(Fig. 17) shanghank ﬁrd&%&bgmtﬁp@asﬁesleaﬁ CRONtRienGeritydid ST @€ ikl B shde of a
di ameter s ngeht Il}lghtl Sgeetpgxa rI?han %epth d below surface 8 and the disadvantageous
loss of depth of burial k shown in Fig. 4 is eliminated. Follower 13 is then
disengaged from anchor 1 by heaving up on line 16 and an inclined force is
25 applied to anchor line 4 causing it to cut into soil to move anchor 1
substantially in forward direction F along a downwards inclined trajectory 9
wherein further embedment of anchor 1 allows progressively higher loads in
anchor line 4 to be sustained. Although directly embedded without
undesirable horizontal movement, anchor 1 does not fail catastrophically,
30 when overloaded, by moving in the direction of anchor line 4 to pull out at

surface 8 but instead moves horizontally at constant



di ameter of hole 39. Steel balls 40 are held apart by a conpression spring
41. Plate 37 has a central hole 42 and an offset hole 43 drilled therein
whi ch 10 engages with a ball 40 to determ ne the slidable position of plate
37 in recess 38. Plate 37 also has an upstandi ng bl ock 44 attach@d ARR M8
end renote fromoffset hole 43 that protrudes beyond side surface 45 of
shank 2 (Fig, 17) . A cam46 (Fig. 14) protruding inside each eye 47 of
shackl e 5ldasl lagcdived dempler twidh glareasigg cdoadaist abetfeeemaroman 46Ttard Bhock 44

occurs in;, [ ej tated fr rallel with to
per pendi Chrgsgg{n%@&'% Eg{eg\gé&%f E}? Clﬁ 31%% % é@ﬁf‘f%@% 3geegl§/r%%%sl§nto?fl%kf°58ks 44

t o cause phatlesaddpted ihspraglsel badafedy4Bctoutof (f tleatgmsgeswaly mdrdaadyefor43 and
then slide.until .balls_ 40 en e in_hal.es 42 whereupo | at.es 37 e held
whot 1 y# o1 8o pppfmedy SpeRg Bepw 9 38 Brisbriitianyr oude 2pRe 3l 3o
sl i dabl e beAckbad to29 utiliyedin &igivieddmooripg By&endat lokieg.codh) to prevent pl ates
37 being prematurely noved by friction between pin 36 and plates 37 as
shackle 5 rotates to bring canms 46 into contact with bl ocks 44. Subsequent
pul I'i ng atowwet|sthef dragcdigbedmhest dndledral ¢Bigs Ppaks &afudsastkangglels o 2ndipt i |
cans 46 clear blocks 44 thus allow ng s|leeve 36A and pin 36 to slide al ong
sl ot 29 t Figelbeduich gre suthin the Paydorth) ljmits Pefograpeptijonesand e tetaipseval of

anchogg 23 by c@?ﬁﬂﬁit?foftﬁﬁe%oéﬁ%r tHel B&-Bed SURPRRE I Whéy FRES&Id hhllz taﬁgop 35
is achieved later sinply by use of a hanmer and drift oh” each of plates 37
in turn t&hereokeigaghn bednssquende, fef sbankoledongeratian oisc agsessoratios 37 to

30 t ; 2 i Q.1 t oR: 5
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Segneh$s & (Figs. 19-21) are of width Wand of square cross-section to
provide stability on deck. Segnents 48 are axially 10 symretrical about an
axis 20 with an axial passageway 49 provided there through to accommodate a
chain 50 & eghedchar acdmotingntd erarprssent égremnionS in alontwlst ones vallies of

Passageway_ 49 is cryciformin crass-section.to. constrai,n chajn 50
rotati onaI%IH§ erse?aafx}d\jé ngcge%}%ﬁggﬁﬁé a’i‘%’r eb“r’r“eltnst §" 850( f—l?%sf nﬁ?g)hag? ethgach
provi ﬂed \ldiainﬁlbl;,litjr reMgahegatinpi gﬂ% sl@é?iddu%hQMCézwhéﬁ{jﬂﬁdg'gﬂg hbﬁﬂbzgtally
peripheral surface 53 atf an end 54 of s nt 48 and a correspondin
trunc%‘? ed RFPEE] an‘@Bg %5@%&&#@ Cﬁﬂggﬁg’er‘}f é?fé?g’éﬁssg’ﬁﬁ’f E?B@“_QS ‘é{be’gn
opposi te eRslgdefl BoBorttABY fRorRI0bbiSbAMIRAY LA the W BedSufthds Thesely
into a recess 5? in an adjdacent egm?}{\t 48. Mt ng cr}/l i ndri cal
presently described ‘drag anchor therefore requires omly a short compact
shank member and so provides minimal resistance to being pushed vertically

into the seabed by a follower. Further, the high values of angles o and B allow
25 the drag anchor advantageously to follow a trajectory 9 which is much
steeper than is possible for the drag embedment anchor constrained by the

Danforth limits.

Thus, both a drag embedment anchor and a drag anchor will bury when
30 dragged in a mooring bed from a starting position at some depth below the

surface of the mooring bed. The drag embedment anchor is constrained by



20 surfaces 58 and 59 respectively permt adjacent segnents 48 to rotate
whi | st mai ntaining peripheral contact with each other (Figs. 19-21 ) . The
axi al passageway 49 in each segnment 48 is flared at each end to mnim se
axi al bending of chain 50 due to rotatjgn between adjacent segrren? MR 2003
foll ower 13 passes over a cylindrical stern roller 60 onto deck 61 of
anchor handling 25 vessel 62 floating on sea surface 63. Chain 50 is

secur ed t ohdédh¢losicnepirstractsed rdaptaiibn( f6 gnalde)selfyparearationf thpongb4hpassi ng
t hrough end link .65 of .chai ich is threaded through.each of segnents
48 (Fogs. Salacas 3amoarife By it SRESBET o0t SORiFEnt BEThACEASANILT ons
as a cont neld, segesn)ttht airap eindhbg nedyd be ehe&ARIbM of eélSipenieirati6Nahfolth a30 20
2 2 APR 2003 Con%r I slg ment 66 (Figs. 25-28) has an axi a}!liqboreho e 67

cont ai Ri ng ARG ﬁgasﬁlé | i‘haeg arg?fgora@r{ln)réﬁmﬁaesd%%&? r fpes ehdrid 69 for
accomodatcbAgtrahiai As SiskRBed Neh t heS eorkbéUGhventitd tthey | badhits ahitaettbar 70
isrigidly fixed onto 5 three links (Figs. 27-28) of chain 50 to fit

cl osely i We13¢BIVRBLY eaRpbalis Bherrdlieed9 and is rotational ly and axially
restrained therein by shear pin 71 passing through collar 70 and wall 72 of
pig 68. Pin 71 is machined to shear at a load that is | ess than the

br eaki ng tAEeTHRL AP actrsPRdsmnbedimeny ofithopeaseBhinvsnseac AL faschenadn 50.
Contr segent 1 66, has sl i ;. S) : ' netrate
t hr ougg tgﬁ%g'r%%’olﬁze’ g§.1%P?g§%fgé#§g o%%%gégﬁ'lr%e%ﬁégg{loc& %%t%dtc%cw?her eto
t hat engadkeisvwriang 8ref 8lmdaring hagd d0oby a7 Holloweerskd (Bigt 223) eeampiiisesprg 68

rot ati onal j e C 150, ] I sl eeve
76 s engbbgtiitdbapatiialPshatk lytf AR Vbl of SThER ARy ALY SRR

axi al | y adjSusnaiwedderhdt rigbk abkelstthemeuppéiypliahreadedct 8dkofrgsquarg steell5

whi ch has eyel | ed rf 79.re f 1,0 e 6. e 6 hag a
peri pher aIrﬁleg1;|tlr%of\(gl\(rjléé %001?%?15?%‘27-% Eg)g‘}\%/%ig%%&%l&:nhz'%s\%eésﬁegg%%lfr% gggoogpfgus%edgl at ches
81 sl ildabldpesmatt ecteed Qppdamesi(drat eré&eraifly clorns noit esegak 0B Ginaex) tHei ven to

protrude in barehaol-e,67_hy. ressi [in 3 neacti agaipnste | ugs
84 upstan |¥ﬁl§“f rr8§np§t§r gcren%{ﬁaggd%% & e@h%g‘ia ﬁ’g:ﬂ% g\‘/\e(r:é?nﬁg ?1 gd?fogce 85
(Figs. 20 sRrfe28)24f lixs coplaaetdf sgmineetey XeH =8 uighacangls tonan edgd 2§ of iflagre 78 and
di spl acing, |l atch. 81 agai n ri 3. to all ow passage of. |l ocking ring 78
and’ subseque T TRl gLyERerEe by SRkEe &9 ridh ool BE PR e s Y rhe
positions of |latches 81 are controlled by two arns 86 of a U shaped yoke 87
(Figs, 25-2 hat .is.slidably restraine urface 82 by stop.lugs 88
st anli nd: fdash BBpHiEHIST st pinEERebR rapty 2 85 & Shetiing Goanadiog By 00
upst andi ggmfchemlislurcf ax:sha%af QQ&Q@%t%)he af exommyity Q}Dmfldshgng(ziz tt:cih&ﬂekfsdrgps 91
on arns ngage. on..stop | ugs er eby external edge of yo 7
protrudes %oﬁd%gﬁgcgrfiﬁ‘o&fﬁ g‘&r‘%ﬁ&&ﬂé@@é %‘%(S'uféa)ce it @Jg’élgtﬁﬂnﬂrefﬁn%?itannent
Wi th edge shrponDed@CcDs efifes beforwdr dieéctih Br AlptdaebSdortthirang Rackiandl i ng

v | 62 (Figs. 18, .26 30 . .
essel 6 a(ttac ment point £6 and sharpened edge 25 forms a line intercept with plane

25 of symmetry X-X that defines a forward-opening angle o in plane X-X with

respect to forward direction F. A straight line containing the centroid C and

shackle attachment point 26 forms a forward-opening angle 3 with respect to

forward direction F. Angle a is not less than 95° for operation of anchor 23 in
soft cohesive soil (clay) and not less than 85° for operation in non-cohesive

30 soil (sand) with preference for o being not less than 100° and 90° for soft clay

and



21 2 2 APR 2003 Each arm 86 of yoke 87 has an inclined face 94 (Figs.

25-26) which pushes on a mating inclined face 95 on each latch 81 when edge
92 of yoke 87 is forced into alignment with edge 93 of control segnent 66
by contact with roller 60 or 5 deck 611fFig. 18). This forces |atghy §R 108
conpress spring 83 and nove out of engagenent with groove 80 in sleeve 76
(Fig. 28). Pig 68 is thus freed to be slidable throu gh a distance W/ 4

al ong borgaﬁher %ekevayevwltgwmd 'Ix,r%bl 8s 164 th €967 Oy Bekagid Ratusgd in
chain 50 due to follower 13 (Fig. 18) bending through 90 on traversing

st Srln r Iol |}5§FV€§ging1QnIH6r @d &for@Qﬁbf/i;hxﬁnirD;thlé:@ﬁl\lef Zﬁo&mgh)ikged%oi &r;']taﬂaush albl e
an ocl eable by ring 78 suc at ) ower 13 is I in olly bel ow
roller eo,s%%%ﬁmpm@ﬁ% @Fg-f%ﬁ)|°§%&Pqi%er§%l?te?f_c%@§roe§2? ﬂccgﬁrﬁn@slf{

suf fi chentdidectientr.i Pt ami® substaatiaNeAapBREht Malhedfc@av B BBingl 9 68.
This automatically prevents the 15 stretch in chain 50 fromrel axing as the
wei ght of Haslle an $Heeorest pf dae disnlecamentyBpont ke ackviahglixpsHenredt i on

into a seghestsait with 56 Rk esat Yeihet PEEEASHNIHEWAVER MY Jraés&:, elean the
segnents of follower 13 therefore occurs to provide rigidity that prevents

fol I ower ]1(214 NANaBES Kot RYcORT 95 fr BP-£Mid08f 9hcRENSS 1A ldoR N clag AnENes

fol | ower unctions substantially in the manner of the before nentioned
rigid foll oywer wh syspended. verticall mean f. I.i 16_but _permts
Fecover abIPHSRET G Oniohaar AeHaGe T oketehmatae isdhr e ignet 88 0l | o
60. 25 An ordentating link 96 (Figs. 18, 29) having a cardioid cam 97
beari A§ a & r fargpperafige g soficlgy spdo3Rd tPrP% hdorappeiation: iy seRrdpalteift No.
2,199,005 and US Patent No. 4,864,955, is spaced frompig 68 in control
segnent 6GreféhedntlBl drgle frives trod exceedp8® 99 ¢eratioean softeslay ahd0dams | i nk
96 which clevis is 30 inclined at 45 to edge 98. Link 96, in turn, is

connect ed Mt@xgg@pgbéf&%érgtib@mghﬂg, and recovering line 16 which is paid
out and heaved in by first winch 102 on deck

Shackle attachment point 26 (Fig. 11) is formed by a forward extremity 28 of
15 an elongate straight slot 29 in shank 2. A rearward extremity 30 of slot 29 is

located adjacent to a rear edge 31 of fluke 3 and slot 29 forms a forward-
opening angle y of up to 30° with centre-line 7, with 10° preferred. A forward

edge 32 of shank 2 is sharpened by bevelling to reduce soil penetration
resistance as for edge 25 of fluke 3. The separation of shackle attachment

20 point 26 from centroid C is preferred to be in the range 0.15L to 0.6L. A
cylindrical steel pin 17 (Figs. 11-13) is mounted transversely through shank
plate 2 to act as a pivot and bearing pin for mating with an installation
follower 13 (Figs. 22, 23, 24). Axis 33 of pine 17 is spaced from surface 24
such that the line of axis 20 of follower 13 passes through the combined

25 centre of area 34 (Fig. 12) of anchor 23 and shackle 5 (when anchor line 4 is
pulled back to lie parallel to direction F) as viewed in opposition to direction F
(Figs. 11, 12, 22). This ensures that the resultant soil penetration resistance
force R (Fig. 22) on anchor 23 is co-linear with follower axis 20 during initial
driven embedment of drag anchor 23. A releasable shackle stop 35 (Figs. 11,

30 14, 15, 16, 17) in shank 2 holds pin 36 of shackle 5 in extremity 28 of slot 29.
Stop 35 includes



22 2 2 APR 2003 61 of anchor handling vessel 62 (Fig. 18) . Link 96 can
ride over roller 60 in a stable orientation only when straight edge 98 is

in conplete contact with roller 60 and al ways toppl es about cardioid cam 97
until this one stable 5 orientation isjgstablished. Link 96 is thereldr\&R 2003
used to force the links of chain 50 to straddle at 45 against roller 60 in
the one rotational orientation which, when communicated to control segnent
66 via coltwbvarreé‘tﬁngntlarmletﬂss37751ida’céy éiqated)hi ugéezyzukee@%sémﬁ& overit@erhw t h

roller 60 _as ¢ nt 66 ereg tom term nal
segnent 5% dgef f?%? q{v\ﬂgrg?m?le}sft Foqr eagaoﬁ’l & CE)nf’% g][ol?%? Y9 %Cqr ag
anchor 23fiasn fluke BUSPlytede3T nm@mﬂiyamdupy]Iacpdﬁsoﬁrpaeﬂgngarteedssebesﬂ andl03

(Fi gs. 22 23) fox.straddli sha 23 to abIe recessed
Socbers 1oRay daeordariciy 5 Mol Mt § tratgvoiteR o ciesE BRASTY on
shank 2. frony@xlRenign28asthsiel 29 SA |cEQlel1Q5016$33 Figol® ik0gh ik 12 petvidaar e

t hrough which regjsters vmthah 0 ank 2 and receives a [etaining
shear pi nr&@@%%éhcmﬁa&%s éWEhS(S? ](15 %Bcﬂr}a‘? réf‘@mFWr(ﬁh@Wlé’ le83 1A YBEt om

term nal segneRl o3hold 8. fS@éé&ﬂfaﬂischU&‘éthcﬂﬂ alﬁaptalsyahlcehlﬁxesﬁxh%pa@lgam pin 17
mated in sockets 104. A stop 21 on a leg 105 of clevis 103 limts 20

rotation &latg-3¢tHms 2?%@@‘}3[3 2 pndoan Qﬁ?ﬁ Mee Adnbeledthersin s¥aichy
meki ngg Coehgsgesvwvhh § bl Bro APreRRGOTh ﬂicﬁatﬂé‘ eee&mhl &%1% 3Pfin lreagkh

appr oxi mat e five per cent |onger than the |engt pile 13, is attached
at one end8 0P1§h%1§RI9éSQSh6$ aaman@egdﬂadﬁﬂ4amacm¢ aér‘i’@ sl EETAPYSfEOm Nk 110

for Conne%gﬂigtnhbfé A0¢haf Ht??d«f% R@d?ﬁiesﬂdb%rﬁc@ 4% of Ehéﬁﬁl 2"’?1% g7)pr gt r udi ng

hi nge pin 25 Two ks 111 are spaced apart nount ed on
face 74 ofcagodor Glig. sb@antr%ngemtdé dachnexeok e (@BhaEhk}h5 nedcated syighves as

a support b el Edtdicng, 88%0 ﬁ Po &t &?ﬁé ehynge
link 110 r%%g{ Sgag%tgag%gbr At t achglgl to cpé]tﬂpé sggmerl]lt égé sucE at pul ling
upwar d§ oﬁhankh:oiﬁ Heiimg rﬂtaé@d drona pgiralldl exigh tthaperpendictilareto swidacalR4erigages
hinge lin 033 QMO &'1 19&%@%@ s 5l 901 PYePldss the
azi nut hal lﬁ#ged? ngc%é1 ané(;hoérﬂ%gé e c%ont Fol %&r?ﬂgg& deflt
' balls 40 out of engagement thh holes 43 and then slide until balls 40 engage
in holes 42 whereupon plates 37 are held wholly clear of slot 29 (Fig. 15). A
shouldered non-rotatable sleeve 36A slidable in slot 29, may be fitted on pin
20 36 (Fig. 15) to prevent plates 37 being prematurely moved by friction between

pin 36 and plates 37 as shackle 5 rotates to bring cams 46 into contact with

blocks 44.

Subsequent pulling aft-wards of anchor line 4 rotates shackle 5 backwards
25 until cams 46 clear blocks 44 thus allowing sleeve 36A and pin 36 to slide
along slot 29 to relocate at extremity 30 (Fig. 11) whereby low load retrieval of
anchor 23 by means of the anchor line 4 is possible. Resetting of stop 35 is
achieved later simply by use of a hammer and drift on each of plates 37 in
turn to re-engage balls 40 in offset holes 43 and so cause plates 37 to

30 protrude once



23 2 2 AQ- ~~.~ installation by anchor line 4 pulling on hooks 111 w thout
prematurely rel easing shackle stop 35 and so preserving the facility of

di sengaging link 110 from hooks 111 subsequently by heaving up on anchor
line 4. 5 For assenbling in port, all gonponents of follower 13 ahgl AfR 383
anchor 23 are laid out on deck 61 of anchor handling vessel 62 (Fig. 18)
with yoke 87 (Figs. 25-26) on control segnent 66 in contact with deck 61.
Drag anchagad8 int ot t2dta stdposharkie & fronalslidegnawey Sdom extrepiity 28 ofat ed i n
sockets 1%@) 10 retaining shear pin 109 is fitted through aligned hol es
107 and 1 1 lar 70 (Fig. 27) is fixed to three links of chain 50 at the
requi red distance froma bottomend of chain 50. Pig 68 is ind onto col | ar
70 and_fixed thereto by pin . 71. Chaip 50 is t | 1 ed rou ntroI
segments dEeartEdg A ARTERERp Pl it pehl Hishtish: ISRy o
bor ehol e GFigsFi1g-2R7br difebey rnfiiediitngawh pring randlasr Bélam thesQoifasy 8 4;8 ar enot e

fromcontrol segment 66 sufiicientlg to aIIo ‘ﬁ g Ilnk 65 to be
secured i AMBYERSMck Hi SRIPPEsNRRCIanEHE uging g pfuragy ofa

hydraul i ¢ @l Sedrétsi 48. MBeBin@HL NS qPIYs! qb £§F)9ﬂ%rﬁf ﬁﬁﬂtl aviHd opeqﬁﬁh%l n 50
and, consequéntly, conpress. together the se ments of follower 13. The

tensil e fFees-SACEMRI 1P SeropidsyistrRiliBy dhedetai n FBPHER (S BE &FiAmlY to the
subnmenged Quonanicaeisi M & boveithlsn %Béaldfs@sg; ?@&Wr@ r&ﬁ&@d WRre Thi s

stretches ¢hain 50 until groove 80 (Fig. on sleeve 76 of pig 68 is
pul | ed oppbspugh |tatacsegingadaie acefraingpo @é@ﬁbﬁ@ tg@ boftem, terrgnak segraent ot at ed

on thread 517 oanpctidvagkesl tlﬂ%%ﬁ%ﬂm%y 49 '1@ Q:ra&f&‘ﬁ:x tRakodat&hRs &1 c@fx?cram

engageabl e 1 n groove 80 {ust fore the load in chain 50 equals 25 the
subner ged dheay 26 rofietigmallyorelatyiel towssmedtafd. drag anchor 23 conbined. The
chain jack is then renoved and orientation |link 96 attached between line 16
and chain 50 at a separation frompig 68 sufficient to allow follower 13 to
be rotlat abegmérgar4®iFigoll Peareseaabhprovideryimiy 2 tewecdtedmonidah poeirasioat i on

i nk 96 | 1 £0pLaGhs Weldh LGB {Fistbe 28)ar ANGRPLAI SRS LR A | S

connect ed on "anc I nge 19 0k i's then
engaged i rcdmosspendirle tmncetedr@nical 2&@355¢ﬂaeﬁm&mgmpheﬁ2 sutfaice 56

coml et es A58y, 087 A0, YeaaekR2soMenal. Ligged 18 A0l e

on a w I’lCh on amn ‘assi| s ant anc I ne=carrylng vesse
closely into a recess 55 in an adjacent segment 48. Matlng cylindrical

20 surfaces 58 and 59 respectively permit adjacent segments 48 to rotate whilst
maintaining peripheral contact with each other (Figs. 19-21). The axial
passageway 49 in each segment 48 is flared at each end to minimise axial
bending of chain 50 due to rotation between adjacent segments 48 as follower
13 passes over a cylindrical stern roller 60 onto deck 61 of anchor handling

25 vessel 62 floating on sea surface 63. Chain 50 is secured to bottom terminal
segment 51 (Fig. 30) by means of pin 64 passing through end link 65 of chain
50 which is threaded through each of segments 48 (Figs. 18, 22-24) and
through an upper body segment 66 which functions as a control segment for
holding and releasing tension in chain 50.

30



to installation at sea. 5 At sea, anchor handling vessel 62 and the anchor
| ine-carrying vessel proceed to the installation site. One end of anchor
line 4 is passed over to vessel 62 for connection to hinge |ink 1I(2) ‘“KP}%UB
i s engaged on hooks 111 of control segpent 66 of pile 13. Anchor 'rze IS
then allowed to hang slack in a bight 10 between the vessels to provide
directional control of pile 13 and anchor 23. On vessel 66, tugger w nch

| i nes ar e Gomte@d hesgreantc bt Fags. stiy@Bhthag6ani axiplboeghold dvk sohtaimthgadhacent

stern roll - u nt . n f Kk 61 and
S0 push dr %ng%%%ﬁﬂn%@?%lﬁ%@% oqt ﬁ%@ei}lgﬁgﬂo%/%fg{)géﬁgg% ggg reraﬁ%rgﬁc’g‘%%@é. The
wei ght of ctiragSanessmgZihero gatongh. VBl dytinticoalt exdlar T4l is Iigidkyofiesadt orktd
projecting, overboard calses, follo 3.1 0 bend t.hr 90+ qver raller 60.
The retul trREHREbRGR588, 0030 5} Scleliinhile et G iitrehs, *pi o
68 novi ng 68 ahdtismomtidhdllaxiral hyialy anstrhimedhbleseih by stsdadepiQont paksimggnent

66. Follower 13 thus nds thr 90 Ll st traversing raller 60 with the

t ension i \I{i\ﬁlécfjr%ﬁ%hccggﬁ r}ibsa\mfll Wcﬁilll &Jggpﬁ ?1%{(]}3% \}%frt?é;ilé‘h‘ﬁg‘fo %ibeatrl‘?é aigad

subner ged thapyaniesweitght thé brealtirghabesiod3ofrtaiol 0wer pidvieonbienrdd Wen a

sufficient wei ght f %grre ts 48 are overbo &A foll ower. 13 becones, sel f
B ler ¢

| aunchi ng PPN 2 AY ai (ANLOSREIRP IR MAScHOEDZ 98 PPPRREAsSI96t | ne

16 ul 1 matgdes 149 wWiavR hehetrh@Miroddh a6 bodéRde #7¢ P RBhhS dppessdkEpeg 8 of
t he noori n?- bed 10 bel ow. The anchor |ine-carrying vessel pays out anchor

25 |ine 4blopkst & bpiteR thersdo thathwrgageiaiantbate HidableHoploaddl a0 s¢@ssel 62

and keeps (sytbirgireplg 6818t brially!WifE rdspet 88RbhRlol sBEmagi BEt NRteMiaiigCt i ON
of follower 13 and anchor 23 un¥|I anchor 23 is buried in sea bed soil 10.

Tensi on i BtRaEEd] e thisstnegged o8 eXensliBrsrddd o ivght 7Pl Biglp spékor 23

30 and foltboe;@raﬂaﬁl&sae[%}s@mé SORIScieDIARH e RBA ML ShBERRUCIRR; AN RP788 tO
engage 25 2 2 APR 2D03 with spring | atches 81 which have been rel eased by

spri ndS dr iwhiah nleRse me Revedledy a7 73 sregmnter B5pms slgawnm {7666 Steavar 26 sl er 60.
I | erhHBOl SOALS"Sr 4D B8 bRt naBtt
L slidably mounted on upper surface 82 of control segment 66 and driven to

protrude into borehole 67 by compression springs 83 reacting against lugs 84

upstanding from surface 82. Each latch 81 has a lower inclined face 85 (Figs.

20 27-28) for contacting bevelled surface 79 on locking ring 78 and displacing
latch 81 against spring 83 to allow passage of locking ring 78 and subsequent
engagement of latch 81 in groove 80 of sleeve 76. The positions of latches 81
are controlled by two arms 86 of a U-shaped yoke 87 (Figs. 25-26) that is
slidably restrained on surface 82 by stop lugs 88 upstanding there from.

25  Compression spring 89 reacting against lug 90 upstanding from surface 82
forces yoke 87 away from lug 90 until stops 91 on arms 86 engage on stop
lugs 88 whereby external edge 92 of yoke 87 protrudes beyond edge 93 of
surface 82 (Fig. 26) unless held in alignment with edge 93 by contact with
stern roller 60 or deck 61 of anchor handling vessel 62 (Figs. 18, 26).

30



Drag anchor 23 is forced through nooring-bed surface 8 into soil 10 (Fig.
27) by the conbi ned buoyant wei ght of anchor 23 and follower 13 as |ines 16
and 4 are paid out. Line 16 may conveniently include a heave conpensat or

conprising, for exanple, an elastic nyipn portion to act as a strifgﬁﬁ)ma
absor ber of heave notion of vessel 62 to facilitate snmooth penetr

surface 8 by drag anchor 23. The segnents of follower 13 are cl anped
t oget her Bychhwent 86 9if yakerdir hasi areindincd Hagm9b (Figy. 2%L6hwhigl pusheshom

fol | ower %\‘}ggﬁ}lé ufllélnlu%dl fa%e% &n %aEfaQAt%fllpéi Wheh % dﬁg 8 (ﬁﬂe 8 1? ?(ﬁ%g ation

of anchor I'S®SI by a'lo on W nc anc i ng
vessel 621ramdalrgrnrnnehtcxmtthc¢dgy 9Bhe doatol segment 66|é>y]£ﬁ>nrtm:tumthgotler ther

subner t 16, when chor, 23 and foll.o 13 are conm l.etely
suppor§ Bk PP A8 ed it ey 1R B2 o Sopfien SPHREEE LA s G al | o
vessel 6Zehgagﬁ'm\i@1tCWﬁ:hrgrﬁf>vé 86 1ﬂ0§bé\je0’}’6 QFigf aB).omey 683s thhe fededhty be
line-carry ve Ves ositio irectly over, follaq 13 and
heaves up® %ﬁg%% ﬁHPug rfe Agéﬂc?ggfgﬁﬂ HV?%%S t%IHFgﬁﬁggﬁgﬁ“¥qﬂﬁ1hooks
111 on fokk@Weknddnabélnk llﬂduﬁe@QﬁQjHé@n Baldue o PRlokver SI3TEAE. 08) Bérdinki ne 4
which is then heaved in again until the mark has noved through a di stance

25 approxntmﬁtL@hW@qUﬁltra\mrmhg stemgtolilen60t wo segnents 48 of fol | ower 13.
This rai ses anchor 23 and follower 13 together in the sea bed soil 10 and
si mul t@neously pivots anchor 23 about pi n 17 in socket 104 (Figs. 22-23) to

h | .
cause sheds iR BRYcAl 9o 6168 ¢ Waulotiud thh aend tgmasrhical
to 30 dri sechrtd‘ﬂadarwli& d«niilfwwar t3 is rha:dgm@mhoﬂlyl bcédwdnoﬁlectﬁiOorthE mioyfantke 3
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Couni o1 5 et Bbwes A% RebichEh Pl Sobsh SRMRSe B P me R, B
tensi on i m@neﬂrg)argemam with Agobven80 bn glggﬁsséttjt:erﬁdtynmﬁ:cdnplﬁrev@t@ghﬂ] f ul
r wee e su e wei | ower an e now
oo L5 o sh Yty B BYr R BRIl S ko o1t BUPHEE s seodet o

augnent t heoglessivel sr@p@ttedrdmﬁn@peﬂmrat?& inthisSsedgdasnile A qsardsgp&atzagl
several tines. Each re etl% tat es, fluke 3 of ﬁgc@) 33 avvay
from ver t iRFCAFRE Fag? B2 rﬁ%ktée WESTht REt STRFE| § Ei

rotation peegesso @lovitiek Rigidityashke\pregents Clolowem m@mewaung Ib@fcﬁrent roid
C of fluke %@o.deciease in depth of penetration bel ow sea bed surface 8

t hrough a‘f PEREYRW A ousl y described for a direct embednent anchor
11 (Fpg. 8) loaded after renoval of the installing follower 13.

Thus follower 13 functions substantially in the manner of the before
mentioned rigid follower when suspended vertically by means of line 16 but
permits recoverable bending without damage to occur while traversing stern
roller 60.
25

An orientating link 96 (Figs. 18, 29) having a cardioid cam 97 bearing a
straight edge 98, as disclosed in the Applicant’s UK Patent No. 2,199,005 and
US Patent No. 4,864,955, is spaced from pig 68 in control segment 66. Chain

50 is connected via pin 99 to a rear clevis 100 on link 96 which clevis is
30 inclined at 45° to edge 98. Link 96, in turn, is connected via shackle 101 to

lowering and recovering line 16 which is paid out and heaved in by first winch
102 on deck



Anchor line 4 is now paid out slack to allow the anchor |ine-carrying
vessel to 15 nove away to permt anchor-handling vessel 62 to reposition
directly over follower 13 so that winch 102 can heave in line 16 to IzaApIR 2003
foll ower 13 ~ off anchor 23, out of nmuming bed 10, and up to stern roI

60. As control segnent 66 contacts roller 60, yoke 87 is pushed agai nst
spring 89 and forces |l atches 81 agai nst springs 83 and out of engagenent

wi th groo6é d@richopihgneBngae@ssil ®26@7ig.s18)hddnk Sbeeaedde ovanvalen &l 8t ance

appr oxi mat gl yal olLe 6¢qt | o I 3 bend

t hrough 9 t"’lc?\{ne r?gle%tattléan\/gnﬂ %@%? Sl? ?ﬂ §%e 68 go(ﬁ%l lg%engv\ﬁt és“l’l}ﬂgbl e
extra tensolem 60 mImhlanwéﬁs thap]Ieismjadm mndmhdléb&m% sllmﬂpdﬁsmdmm stdlble of

anchor® | | AR R Gt R A 2 4P ORI e TaRe Gt %ﬁﬁrl' Zonta
For the maguing oloia: 98 Shkit et 8844005 DG EALRHELAC S

resul ti ng novenen causes peg on s ac Ie eye
47 to pus@heharc&%n%&nﬁateat @ buthdlt Sedrhiént’ BbEAREERAS 170 ARIOBIRRENM52 Of
anchor 23 ready for easl)‘/ ater retrieval of 30 anchor 23. Pulllng anchor
line 4 avxmertrrorhmlh@s Hpke &7i wrio sontant wigh tnoem b8 asbpewrtrol hegmentz66 iaAPR 2003
27 causesy ide in slot 29 to extremty 30 (Fig. 11) whereby

| ow resi stg%geglf‘gtﬁg%g\‘;?ry of anchor 23 may be realised during retrieval. 5
As fotOthe directly enbedded drag embednment anchor 1 previously described,
directly e 2 I rdhyedncline urved
tra] ector;%ngt%?r?| Ee %S‘% ﬁ%% t éé &ka fé)ftlzlg'%”l??l %gcgsn p tg efoét %Flﬁ S‘%ﬂ%get

er nbedrrentomhe«pmtnn AncmoiraQSader 2Bu=ss ipnevieaslyg dmameﬂyand imktulest he
overload It| . tr | .dr nch S r.ag
anchor {T%II r%%tscfl}%as ﬁlﬁt%jé&l J?hSt'Ignl‘le vrxllgsngkr1 ace o%n ?rrIBEr%gg °bed 10
at whi ch nnablmmmpam tsgclwitllIOLIm ea&:acctievzisbeg te sdcaperaphneaté arithupivond | | not
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there through which registers with a hole 108 in shank 2 and receives a

retaining shear pin 109 which holds anchor 23 temporarily in clevis 103 of
bottom terminal segment 51 with forward direction F parallel to axis 20 and
pin 17 mated in sockets 104. A stop 21 on a leg 105 of clevis 103 limits
20 rotation of anchor 23 about pin 17 to a desired number of degrees by making
contact with fluke 3. An anchor fore-runner line 4A, of length approximately
five per cent longer than the length of pile 13, is attached at one end to
shackle 5 of anchor 23 and at another end to a hinge link 110 for connection
fo anchor line 4. Hinge link 110 is fitted with a protruding hinge pin 110A.
25 Two parallel hooks 111 are spaced apart and mounted on face 74 of control
segment 66 remote from yoke 87. Each hook 111 serves as a support for
engaging a protruding end of hinge pin 110A whereby hinge link 110 may be

detachably attached to control segment 66 such that pulling upwards on
anchor line 4 at an angle less than 60° off vertical disengages hinge link 110

30 from hooks 111. This detachable connection permits the azimuthal heading

of anchor 23 to be controlled during



15 Anchor 23 and follower 13 may advantageously be adapted to incorporate
the teachings of the present applicant's co-pending International Patent
Application No. PCT/(GB98/ 01089 (publication no W98/49048) that discloses
apparatus for providing a filmof |ubrpgant on external surfaces gfz ﬁP
mari ne anchor and a direct enbednent follower. Wth reference to Fi'gs.

20 33, control segnent 51 of follower 13 is attached to chain 50 as

previ ous!| ynstelletiphety apger iioptﬂopulﬁllg of begjrrenitl 15 withwitugesmatmrelyi al

cyllndrlcal caV|t 1 n a 3 ched_to pist rod
114. Annul 8 af)m§t onacﬁg% %%a%l gf‘on rgd&fﬁggc}#aﬁlagﬁ& O?I&o;%égnﬁa ln(%/ﬁl ndri cal
cavity 113 1ohirein lasslanibtiatibsequenelydiyglataving upbrpasthor likk64. A top end of

pi ston 116 is 25 rigidly attached to upper portion 51A of segment 51 inside
caV|ty 112. Annul ar piston 113 is rotationally |ocked to upper portion 51A

by key 11%osldsdahibBinkninasort,ndleeambogeneVvs fdllEnémnss dﬁdmgtaylcmf 2314:Q of
upper port| on 51A 120 is

iston ri.ng sea a. bo nd of
fixed pistdid auigon GHE Hg TR ingg Ssp (Ii%il;‘f;o} WBQrXOS‘GfSrg &dﬁ%nt 51
and servegs. Q&)ebna&drﬁrélos@g&)nérﬁt@@ Bn Rositadt WikB ddauk 6. CBYad Mnéddr agdishouse
ring seal 122 for sealing piston rod 114. Thus, 28 2 2 APR 244 segment 51

contai ns attegofrePolARYteminal Segmentss § rith mii iTgmated on speketantP% apdwer

cylingdpi cakr£AMI ¥hdekopinN 866185 Bit&HOMMroQEh %ne&l hoi&d m@ﬁtarﬁlioglom:&wr n
val ve 124 and passageway 125 permt cavity I23 to be filled with a 5

suitabl e |7190&Elga2ﬁ) lérféieﬁ‘o'iﬁ’ ﬂ@f—‘ﬁﬂlﬁk@ézrf @éa@éoﬁdhsd§g@g@@vﬂwtwqe fierpagh
fixed pi Stﬂ?)@tol&@naecgdtmﬂeﬁn GV b éslﬁ L Bﬁtd‘ bélia&@d%a 38 theRih %gn[sm

wher eupon piston rod 114 is naxi na extended fromretaining c

Pi st on 113 ha&hseniS$hiy bherpagﬁe@ébrm peittapl sqgmenty G6sand ssemnmg 480
conduct 1%&&%%?@”&&?&% ia%ft%%r}ﬁél fa.pte Cdfrb%&’éﬁcﬁé B9 (R, 2@”‘ ggyay 129 in

retaining cap ura Ity o 0 conmuni cat'i th passageway
129 alé equmt pyotspdcreﬂroai arsggmient 6Brrcmﬁt@f1@nceomolr sagment P swfficieatlyt o act

as_externg, eﬁt&% Chafd 'eIthl%%%% t%eiaé ‘é@éuﬂgﬁ 3? 488€ri:§: CUERN A1l Qo %663@ \Mi’nch has

surface of al ning ca udes ¢l evics
cl evis | egeedrts bODIOFD4. F@)SO)A ﬁabsd\t@elhmqhama]@skfusdmouawct }ble@‘lﬂrn]SI de

pLoton, T o hd g 230 300y LA0S805 00 0RkeLA Ol B B0 upuch o
anchor 23 sshswenps of 1<ﬂldvs83rn.’a3 e@hertensibk &trse i4hein 60 erosided oy fhegchéiﬁ)
Ring §8a| Jagk (slcze{ %’qu%]l tg ereos\{,llbcrlr?erged buoyant weight of follower 13 and drag
anchor 23 combined. This stretches chain 50 until groove 80 (Fig. 27) on
sleeve 76 of pig 68 is pulled opposite latches 81 on control segment 66.
Sleeve 76 is then rotated on thread 77 and locked thereon by ring 78 so that
latches 81 are engageable in groove 80 just before the load in chain 50 equals
25 the submerged buoyant weight of follower 13 and drag anchor 23 combined.
The chain jack is then removed and orientation link 96 attached between line
16 and chain 50 at a separation from pig 68 sufficient to allow follower 13 to
be rotatably clear of roller 60 when hanging there from with orientation link
96 in contact with roller 60 (Fig. 29). Anchor fore-runner line 4A is connected

30 to shackle 5 on anchor 23 and to hinge link 110 which is then engaged in

hooks 111 on control



slidably di sengagable rotary sealing between pin 17 and clevis 103 inside
20 sockets 104. Passage 134 (Figs. 30-32) runs inside shank 2 of anchor 23
from passage 132 in pin 17 to passages 135 (Figs. 30, 33) which run
parallel wth and enter into sharpenedgedge 32 of shank 2 and shar p@ridd 7003
edge 25 of fluke 3. Holes 136 are spaced equally al ong edges 25 and 32 to
provi de external outlet orifices for passages 135 (Figs. 30, 33) to deliver
| ubri cant s&gmente6ly Tthis tbmp@tteaasdmbbrrdraansh@f haidlinke Pesand62] Weehdr of
anchor 23, Iq_use(ﬁﬁ(¥|t|es 115 and 123 are Cb eg W th biodg%% dabl e
veget abl e BF Sa¥eS MYt 24t MEF P £h 8RS P RPN ARCHST RS R 4 O T8k PrioT
respecti ved instihesoraacked. 23 penetrates surface 8 of nooring bed 10 as
previ ously described, soil 30 resistance force R (Fig. 22) forces pistons
113 amd 116 (Fig. 30) to pressurise |lubricant 29 2 2 APR 2003 137 in

cavities AlSeanshdnsy dchlfry e stld hfdthe alneRgr PASTABEnd Yésell Blocedd2, 134,
and 135 and out of holes 130 _and 136 as anchor 23 and follower 13 are

forced i nfOtRhEHBURYMY SHed QBF Icndrfindvgilinecd id PR & OVTEiogEdsiePght . 5

The i sol atdrofortfec@Wi toY hidge fihRM KAWHIh 123nBASH 68 Hdvds 21 U&%i dodlrol
apportionment of volunme of |ubricant discharged fromfollower 13 relative

to that dresRerged of sl bhehechonlingrd ignthenmilpaiednio angpleckinrobights may
be acfy eVBQtwe-El?let}% %@4@%{&@& pkwqaé mecual%zl b&m%lt &am@qs%m atfdhbr U3, paSS' ng
over the external surfaces of anchor 23 and | ower 13 and thus greatly
reduces 101 vessgbPfi tugesr wingh lines arheftachast M@B’ér@tﬁﬁgﬁ@éé 66THe peflerct i ve
skin fric f e f gg&n wer 13,
due to sob?mg h&eﬁoﬁdjgg?%@%eﬁggg@%%a (éca‘;e?lésﬁe glg\?lb% 1%uce &thég
conconi t asft deglackbbé grdRotiom dfagene @mﬂﬁoand rﬂ@lbvmroifﬁ r@eﬂmﬁrglmland

very si gn's{é ARy 605“ E WL & &‘5% 1gf213 ?«Y%}gér{r #rﬁ}{%ot‘coqﬂ %

recovering fol'1over r om Toor i ng | ower

di sengagededhem gmcﬂ}efecaﬁg vapoo%&lmalaﬁs@sf fdieet qe% behLtHrofkh 90‘3%%@quent
novenent of anchor 23 along trajectory 9 w pes off any residual | ubricant

t hus (r]I est %maﬁw herde fd%h!ltﬁﬁ@lindﬁﬁidhabﬂgé;gzeeﬁl t@{uidsm&n 2hal FOWsrtﬂ'efléﬁt@Hl gnl ng
as a drag.anchor _as previously cri be 2 urt, nma e
adapt ed t BYhB\Ee© ﬁnmé?l‘”&ﬁgaté a’r{énﬁ’é‘fﬂ X?go’(‘fl‘ﬁcbj’ 139%? 67 fasi §o°°6’ftr%1
shackl e aké@fﬁéﬁﬁi 660 F@WerZIC’) whiiB RAd8NERSkgH Do whlilkB el in Qbﬁerlé@ at an
end 140 and a clevis 141 at anot her. end 142 that straddl es shank and

carries pi‘"ﬁﬂ'BGh? GENEPR D FR2IANG0 rAHIAE BHE tardy AN Yrle egpghto stPSt 29.

Shankz@ hagpaiergés Unldyast Laget b 3egnhh&tbron3abt @GBNBREr A3 ROMMinkd at a
forward extrem ty 28 of slot 29. A stop 144 inside clevis 141 nekes sliding

cont act wWhesar M&l@emaavw{@r hseegmantsets areneyerbagrdy dpiawersl i herpmest at i on

of menber séﬁﬁa@ﬁ&uhgp@itﬁtbl%@lﬁg lr@ﬁ§a1hhqorevlae&t5mn@éh rl@meami p gs duwp 144
parallel to slat 29 whereupon ree to slide in slot "2

rot at i on- $N8pkf BYiAEAY tfpulqwq_r4§11r>§fehéarﬁnéh drag thes 20tp the §‘|1€913%81Qf1 and

in 30 regigl eRddtgndIBkE i helol. SRR HBP dint&a¥BAnt Ve B $aSk ML Serdrat e
nmenber 138 at a

25 line 4 in step with line 16 being paid out by anchor handling vessel 62 and
keeps sufficient tension in line 4 to control the azimuthal direction of follower

13 and anchor 23 until anchor 23 is buried in sea bed soil 10.

Tension induced in chain 50 due to the submerged weight of drag anchor 23

30 and follower 13 stretches chain 50 and permits groove 80 on pig 68 to engage



30 2 2 APR 203 desired position where angle a' is |less than 95 and
preferably less than 75. Shear pin 145 is of a size such as to part when a
particul ar value of |oading at hole 139 fromanchor line 4 is exceﬁﬁgﬁR 0
This allows anchor 23 to act initiallyx% as a drag enbednent ancho idm
to parting of shear pin 145, and then to act as a drag anchor of greatly

i ncreased hol ding capacity when dragged further. A drag anchor 23 (Figs.
22-24), wsighispgng lktphesdhid wiigho hiapeveen Jelepeedy by repring-diderk gnovemeng

subj ect ed i.n [ r ' edgof l.ay 10.
All nechaﬁ?gﬁgggﬁzaﬁr%%g§dregh%¥%3¥§ﬁgﬁggzgg%??BEdTﬁg%%F%ggé%Pggep gnned.
Wth cent chath Gq BFrgn 2dhtaifiingnahdr tidss iavst @l neainkyinf dhd ovedghtiihdured dept h
bel ow sea, bed surfgpe goof three tines the square root of the area of fluke
3, anchor "R &ViG88* 3 hol di ng capacity of 53 tines anchor weight 15
(imredi ately after recovery of follower 13 from sea bed 10) when anchor
line 4 wa ulled at _an inclination of 18 to.horizontal at. sea be urface
8. "Fur t noD BEIATHGT CAIST TS oprie HARRTEEe Birye Al dCeid A3 gi ve a

progr essi Wl thei ddehisiasi nghdyahtiveizhe apagichyr bBaindublibwad €8 ashacans agast ant
at 189 tines anchor wei ght mﬁéh centroi d, C noving, horjzontally and with
anchor | i ffe 2t RH Q1 nddngt 12mey wavERiSREY inciida @ BeRYE SABRRPBAIGNL

| ubri gant cdspr{dthg). foi0kxsRpWedart dstidheyldibiosaitt tongécases feashamei on of

centroid C of fluke 3 by 3.2 tinmes and indicated that follower 13 required

to be al me®soxhereel hieped meien &f VisseoGe fubrgibiate svnevhapmetietiometsane
penet rat | QtrRRe 08 b [l VArdhok URS| CEhE Obenidhe@uRIIERE (R B | @aigeier ©

centroid C on fluke 3 of anchor 23 25 was installed by lower 1
dept h bel dogssher brdhs fensier maigtained injghadn SRBgelres Bbsp that fillowerea of

fl uke 3, %%Qﬂﬁéa%%fﬂ@%ﬁe%aﬂiﬁ igssively decreasing holding capacity and
rose back up to sea bed surface 8 on being dragged fromits installed

positil®n. These tests proved the effectiveness of lubricated installation
by follo ; I: ol @ 1.oned

Dant or th 1SR EAEAfaieh, B Glormad 18 e PR i O SO
2003 The di02cbnsandwrheardlingvessel ®2pandiindicated byodientamsiorofn thine pbesent
i nvention . t.est i . ahove. t j i he
nvent i on “ave R d B -k d SRR R eh 05000 BEH S 130°
enbodi nentase apepletehi suppatat bpehefseated snikntinenl 6 Fothexaapl eyt slahkghl y

oL B4R UL R PP T Bt ol BLABHRER 13, SRR Che
g nechani'sm'of control Segnent
66 may notlineecareyjunireghsel now moves to a position directly over follower 13 and
heaves up on anchor line 4 so that hinge link 110 is disengaged from hooks
111 on follower 13 and line 4 becomes taut. A mark is made on taut line 4
which is then heaved in again until the mark has moved through a distance
25 approximately equal to the length of two segments 48 of follower 13. This
raises anchor 23 and follower 13 together in the sea bed soil 10 and
simultaneously pivots anchor 23 about pin 17 in socket 104 (Figs. 22-23) to
cause shear pin 109 to part and force fluke 3 to tilt away from vertical.
Anchor line 4 is next paid out to allow the submerged weight of follower 13 to

30 drive anchor 23 downwards in the now tilted direction F of fluke 3 (Fig. 23).
As line 4



32 cr~=Ms Z 2 APR 2003 1. Anchoring apparatus in the form of enbednent
means (13) for directly enbedding a narine anchor) said 5 enbednent neans
| 13) conprising an el ongate foll ower nenber adapted for detachabl e
attachnent to the marine anchor and fopg pushing the anchor into aZn%AFR @83
bed characterised in that said follower nenber (13) is adapted to bend
recoverably when subjected to transverse 10 forces, for exanple, due to
traver si ngs dheawed egpwardsaca mfdscwﬁedsnfmmddebetm)a the aau‘tanc:‘rgod

handl i ng Vesshec of 2 1o&ze %Be?n-d ﬁhﬁﬁ%@?&d d ﬁgé’ff‘é %% gs chaippd gn.claim

1, 15 characreri’sed i'ncl Udes™a T over
t er ni nal sa@maquer(t@lpajait ba‘cmaqbomrfal Icowprel mgfommédrlmﬂwemlthg dulnrer(ge) and

i ncl ud s a a ment s pported by sai wer term nal
oo Sfeit gt it DO PIRTET () B PRS2 K AT oh

?:har act er Ia&gﬁot 23t thtrs adeb@obctStegmmﬁsm( #3) dedibet adthtishl of etdtiorcd® saidd
owering an recover|ng i ne or aratus as c~.ained in
claims 2 gMis SeFRERCECts FfiI%eé‘EFq AeYenak tlg%ﬁSdAEéglﬁé %ﬂc yotates m}@t%@f by
means of ancRBYER fﬁmteulawa@rm&n(&a)mqmxﬁnastwqmbkég&nﬁaegmeﬂmm gwith a
correspondl ng _concave recess (55) gn 30 the adjacent segnment (48).

Anchor i ng (Bigpafht TRisFOtRI REAFCP ARG KBPWEI 28 Ky 1D8.1q5curs Witko Péﬂﬁ’@@d in

that s@i dcleﬁﬂ%[d @Ebfeiﬁfi(er@@&&@éﬂeage in é%;tbl n(eé(ahoﬁq;rémaea FESupRRel NY
t hrough sai segnents ( PR 2 . Anchoring apparatus as

claimed i ® fémg?usﬁ acfigtapcek %pse‘aousdﬁalﬁa@’e@d @é@ dipeqtieambegmentaancherpor ti on
of said lije F(%":q;)) 194ddH Aresleth RAHYF BROPRMIBNE #fllowe? RN | Ses at | east one of

a rope and a chain. 7. Anchoring apparatus as clainmed in any of clains 2 to
10 5, characterised in that at |l east a portion of said line (50) within

sai d_body 56 'ES‘P’Nn% ‘f 8ol aﬁ@%ﬁ?qm&i{ to%io'v& 1Y LYcortians L6 ?\f Fééﬁ'o such

as, far exarrp yeste rope nchori ng apparatus” a ainmed in
any oft5cl aners awam 0, pGMﬁam@Tdrslwdlmgt hegselMo@ntes aerpditiore dis@)lywotdri n sai d

body Seg”‘?&i&n{ 983 %o tk? gﬂi%d 165?%3 th%Qéé o 1%‘1\4%95‘63[?' o0} 11%%? 1’%%‘” (13)

i s hangi ng ver i cal prevented tTrom r 6l axi ng by a i
st op rreansam(cadz) 20 fam Dﬁgncbnin/gaé)ndam u@lpérumchdystsegmehhtr 666) Aancbrgadd | i ne

(50) wher ta t axi al

Compr essi SEPHRIL RoAPRGESORE So it &7 PSR R Thue bd Sflion B,

degr ee of latrchas@érmmsﬁtl JoriveesB3 and e:sut of ehgademeang witle gremvieBd ol pigvES. nenber

25 ( 155 I SPlgirsl t68I £943 pr% easgd i) ngJet & %1sbc¥mgg g})g%xn\ll'l\"a%et}y %qlsla.fi tobwj/ £ :Lajlr face.
borehole 67 to allow follower 13 to bend through 90° on moving up and over

roller 60 without inducing undesirable extra tension in chain 50. Hauling by

winch 102 is stopped when all of follower 13 is on deck 61.

25  Vessel 62 then steams ahead to pull the anchor line 4 into soil 10 (Fig. 24) at
an appropriate angle to horizontal for the mooring of an object to be
restrained on the sea surface. The resulting movement of shackle 5 causes
peg 46 (Figs. 14-16) on shackle eye 47 to push plates 37 of stop 35 into the
released position on shank 2 of anchor 23 ready for easy later retrieval of

30 anchor 23. Pulling anchor line 4 away from the direction of the restrained

object then



9. Anchoring apparatus as clained in claim8, characterised in that said
line stop neans (81) is 3U rel easabl e whereby, when said foll ower nenber
(13) is pulled up and bent over a curved surface, said line (50) isp9 APR 2003
rel eased within the follower nenber (18) to allowrelative axial novenent
between the line (50) and the 34 upper body segnent (66) to avoid
excessive stretching of the Iine (50) due to bending of the follower nenber
(13). 10. cAusdwoshagklappavadlie as skitak%red axtremhisy B0 F1§ diamdetrelry ded | n

that said |line st means el ea novenent of an

act uat or (%S?ﬁtaﬁﬁﬁ(%ﬁée%ogﬁfyaé‘?a’%ﬁ R amyj%w&gx%ﬁ‘r‘ﬁ&‘g refieVaanchor i ng
apparatus as cl ai rred in any of clainms 8 to 10 10, characterised in that
said line stop 81) .i ncl a tooth nmenber |ocated on one of said
e (50) ARrigt 4F AusppbHUGie L dgRE F BB U R B g RGRE deraies” ( 80)
in a recegsefBIReR béd7cfé)1 aﬁ%a&ﬁ@h&nzs heilofolles QrRwaiwdddsy ihdmeancidvbg upper
body segment (66). 15 12 nchori ngﬁgppar atus, as clained in any one of

claims 1 teertPRel Udf fgager RERBE SrbehRastty nifafan | ATQVIRE b M ftargst

el ongat e tpldeamentClepthl3 Andtad PG aqm%h@,mrﬁ@éa@d@aﬁ%it}f 96 fB&H eheasabl e
attachnent thereto of a marine anchor (1, 20 23) said foll ower (13)

servi ng t everhead.t Ktimasainrag for tyaditional @wgm@w%nwowﬁgbrae@ra@@)cw a
bur i ey posist A é&ﬁ I&eh{&% <afa @%&M %ﬁ?lfa'cé' st B J}Eng Bkl OME bt (hikh

i ncl udes neans or supp y|n rlcatlng e provision of a |ayer
of low fr mmmumu@gza@rmfewai heeazhednbwocmgtr@pbm dailure will dot Wnougant

supply ne C i 4) . i ng
reservoi rgﬁansﬁ?%og H‘%ﬁ%ng{ipqsl uO{‘)K% ?%g%???agn de I very:aalﬁg:ls}? n q‘{%}ﬁaﬁ 131,
132, 134, saf¥%y fdaipr phé Sdet idvag ymbkdingbt ianahersf meynbehsiliseder voi r neans (115,
123) 30 for the provision of said low friction layer, lubricant delivery

bei ng achi eved by relative novenent between the piston and cylinder. 2 2
APR Z0PD3 Anghop 23 aﬁrRRfcﬂIDmrw m/éuy(a”dylahn@eapplarlm adapteddbdnomyporateahy one of

claims 1 char erl e a n fo et acha I ttachment
of ‘the el %%%C%Ing? of)}aower ?’ eSteﬁe n’g |lﬁéenhtancgg%%nn@%dléggrrneag% fiign g % um
(17) aboutApphicetioth heNan it/ GRS 5 lmagot (poblioatido chet aWIG)@a;{HQDHSm thee

ol ot ool I8, SRR MR8l M SIERREL B oo, |
del i very tmhsfirge i Sndibrudrid hsﬁfécpreﬁﬂ&ﬂlhﬁeﬁte"ald:dwm Wﬁtrnmfénenge bedigmt3®-i al on
the agg ar %t:%u co(rjxlflr%l ts%g;[nbegt f501| P }Mi{ov&gel%)S 1s aﬁag}rl]ecfl i a am 50 as previously
described. Upper portion 51A of segment 51 includes an axial cylindrical
cavity 112 and an annular piston 113 attached to piston rod 114. Annular
piston 113 and piston rod 114 contain an elongate cylindrical cavity 115
which accommodates an elongate fixed piston 116. A top end of piston 116 is
25 rigidly attached to upper portion 51A of segment 51 inside cavity 112.
Annular piston 113 is rotationally locked to upper portion 51A by key 117
slidable in an internal groove 118 inside cavity wall 119 of upper portion 51A.
A piston ring seal 120 is fitted at a bottom end of fixed piston 116. A
detachable retaining cap 121 forms part of segment 51 and serves inter alia to
30 retain piston 113 inside cavity 112 and house ring seal 122 for sealing piston
rod 114. Thus,
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sai d anchpisten ped (14 ipaprmadyicatondettirem retaining ¢apnbe Lnenber (13) from t he
enbedded anchor (1, 11, 23) 36 so as to cause the fluke nenber (3) to
rotate to_an operational attitude in the soil of the nooring bed f10) 2 2
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AL ARRYY it as%ﬁisﬁm A13 into circumferential passageway 129 in retaining
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F,8 -vS5}zap121. A plurality of holes 130 communicating with passageway 129 are

equally spaced along the circumference of retaining cap 121 to act as

external outlet orifices to deliver lubricant evenly to the external surface of

retaining cap 121. Piston rod 114 includes clevis 103, which has clevis legs

15 105 (Fig. 30). A passage 131 leads from cavity 115 inside piston rod 114 and

along each leg 105 to sockets 104 of clevis 103 such as to register with and

join into passage 132 axially located in pin 17 of anchor 23 when pin 17 is

mated in sockets 104 of clevis 103 (Fig. 30). Ring seals 133 (Fig. 31) provide

slidably disengagable rotary sealing between pin 17 and clevis 103 inside

20 sockets 104. Passage 134 (Figs. 30-32) runs inside shank 2 of anchor 23

from passage 132 in pin 17 to passages 135 (Figs. 30, 33) which run parallel

with and enter into sharpened edge 32 of shank 2 and sharpened edge 25 of

fluke 3. Holes 136 are spaced equally along edges 25 and 32 to provide

external outlet orifices for passages 135 (Figs. 30, 33) to deliver lubricant

25 evenly to the external surfaces of shank 2 and fluke 3 of anchor 23.

In use, cavities 115 and 123 are filled with biodegradable vegetable grease
lubricant 137 via non-return valves 126 and 124 respectively., When anchor
23 penetrates surface 8 of mooring bed 10 as previously described, soil
30 resistance force R (Fig. 22} forces pistons 113 and 116 (Fig. 30) to pressurise

lubricant
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further.

A drag anchor 23 (Figs. 22-24), weighing 9 kg., and a follower 13, weighing
10 126 kg., were subjected to tests in a slightly over-consolidated soft clay sea
bed 10. All mechanisms and procedures previously described functioned as
planned. With centroid C (Fig. 24) of anchor 23 installed by follower 13 to a
depth below sea bed surface 8 of three times the square root of the area of
fluke 3, anchor 23 provided a holding capacity of 53 times anchor weight
15 (immediately after recovery of follower 13 from sea bed 10} when anchor line 4
was pulled at an inclination of 18° to horizontal at sea bed surface 8. Further
pulling caused anchor 23 to drag whilst burying deeper to give a progressively
increasing holding capacity that ultimately became constant at 189 times

anchor weight with centroid C moving horizontally and with anchor line 4
20 inclined at 23° to horizontal. Tests with and without lubricant 137 (Fig. 30)

showed that the lubricant increased penetration of centroid C of fluke 3 by
3.2 times and indicated that follower 13 required to be almost three times
heavier without lubrication to achieve the same penetration as occurred with
lubrication. In an unlubricated test where centroid C on fluke 3 of anchor 23
25 was installed by follower 13 to a depth below sea bed surface 8 of 1.1 times
the square root of the area of fluke 3, anchor 23 gave a progressively
decreasing holding capacity and rose back up to sea bed surface 8 on being
dragged from its installed position. These tests proved the effectiveness of
lubricated installation by follower of drag anchor 23 and of eschewing the

30 before-mentioned Danforth limits for angles o and B (Fig. 11) of anchor 23.
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2. Anchoring apparatus as claimed in claim 1,

15 characterised in that said follower member (13) includes
a lower terminal segment (51) attached to a lowering and
recovering line (50) and includes a plurality of body

segments (48) supported by said lower terminal segment

(51).

20
3. Anchoring apparatus as claimed in claim 2,
characterised in that said body segments (48)
substantially encircle said lowering and recovering line
{50).

25
4. Anchoring apparatus as claimed in claims 2 or 3,

characterised in that said segments (48) fit together by
means of a convex protuberance (52) on one segment (48)
registering with a corresponding concave recess (55) on

30 the adjacent segment (48).

5. Anchoring apparatus as claimed in any of claims 2 to

4, characterised in that said lowering and recovering
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| " #$0& () * epparetrs due to the follower (13] with an attached

anchor moving through the mooring bed (10).

15. Anchoring apparatus as claimed in claims 12 or 14,
15 characterised in that said reservoir means comprises

separate reservoir parts (115, 123) for individual supply

of lubricant for the follower (13) and for the attached

anchor (23) respectively,

20 l6. A method of deploying a drag embedment anchor (1) or
direct embedment anchor (11) or drag anchor (23),
comprising detachably attaching an elongate follower
member (13) pivotably to the anchor (1, 11, 23) via a
pivot (17) and pushing said anchor into a mooring bed

25 (10) by the follower member (13) substantially in a
direction of minimum projected area of the surface of a
fluke member (3) of the anchor as viewed from a load
application point (26) of an anchor line attachment means
(3) attached to an anchor line (4) until a centroid (C)

30 of the anchor fluke member (3) is at least twice the
square root of the maximum projected area of the fluke
member (3) below the surface of the mooring bed (10), and
pulling on said anchor line (4) before detachment of the

follower member (13) from the embedded anchor (1, 11, 23)
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2o as to cause the fluke member (3) to rotate to an
operational attitude in the soil of the mooring bed (10)

by pivotal reacticn with the follower (13).



